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FEEDBACK CONTROL METHOD AND
DEVICE IN ATM SWITCHING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technology for prevent-
ing a network congestion based on feedback control, 1in an
ABR (Available Bit Rate) communication service.

2. Description of the Related Art

Currently, the ATM Forum and I'TU-T propose a service
called the ABR service as a service for applying a data
exchange technique 1mplemented with an ATM
(Asynchronous Transfer Mode) method, to a high-speed
data communications network such as a LAN (Local Area
Network), WAN (Wide Area Network), etc. With the ABR
service, a switch feeds congestion information 1n a network
back to a transmitting terminal, thereby avoiding congestion
in the network. More specifically, the switch changes a
fransmission rate of the transmitting terminal while moni-
foring a use state of network resources, so that the network
1s efficiently operated, and congestion and a cell loss 1n the
network can be prevented, in the ABR service. Provided
below 1s the explanation about the ABR service.
<ABR Service>

In a communication system using the ABR service, a
resource management cell (hereinafter abbreviated to an RM
cell) 1s used to notify information about network resources
of a terminal. A transmitting terminal transmits the RM cell
cach time 1t transmits a predetermined number of user data
cells. The RM cell reaches a recerving terminal via an ATM
network, and doubles back to the transmitting terminal.

FIG. 1 1s a schematic diagram showing the format of the
RM cell. In the same manner as a user data cell, the RM cell
is composed of a 5-byte (or 5-octet) header and a 48-byte
payload as shown 1n this figure.

A GFC/VPI field in the header is used as a GFC (General
Flow Control) field in a UNI (User Network Interface),
while it is used as part of a VPI (Virtual Path Identifier) field
in an NNI (Network Node Interface). Accordingly, the
virtual path 1dentifier VPI 1s handled as 8 bits 1in the UNI,
while 1t 1s handled as 12 bits 1n the NNI. Furthermore, a VCI
field indicates a virtual channel identifier of 16 bits, and a PT
field indicates a payload type of 3 bits, 1n the header. It the
value of the payload type 1s “000”, 1t indicates a user cell of
no (without) congestion. If the value of the payload type is
“1107, 1t indicates an RM cell. A CLP field indicates a cell
loss priority indication of 1 bit. An HER field indicates a
header error control of § bats.

In the 48-byte payload of the RM cell, an RM PROTO-
COL ID field of 1 byte 1s an RM protocol 1dentifier, and a
DIR field of 1 bit 1s a direction indication bit. If the value of
the DIR field is “07, it indicates an F-RM cell (Forward RM
cell). If the value of the DIR field 1s “17, it indicates a B-RM
cell (Backward RM cell). A BN field of 1 bit indicates a
backward explicit congestion notification bit indicating a
B-RM cell generated 1 a switch or a receiving terminal 1n
an ATM network. A CI field of 1 bit indicates a congestion
indication bit. An NI field of 1 bit mdicates a cell rate no
increase bit. An RA field of 1 bit indicates a request
acknowledge response bit which 1s not used in an ABR
service. Res fields of 3 bits indicate unused bats.

An ER field of 2 bytes indicates an explicit cell rate. A
CCR field of 2 bytes indicates a current cell rate. An MCR
field of 2 bytes indicates a minimum cell rate that 1s declared
when a connection 1s established. A QL field of 4 bytes
indicates a queue length which 1s unused in an ABR service
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2

according to an ATM forum regulation. An SN field of 4
bytes 1ndicates a sequence number. Res fields of 30 bytes
plus 6 bits 1ndicate unused bits. A CRC field of 10 bits
indicates a cyclic redundancy code check bit.

An ATM switch 1n an ATM network notifies information
about the network to a transmitting terminal by writing
resource Information (band information and congestion
information) about the condition of the switch to an RM cell
passing through the switch. The transmitting terminal which
receives the RM cell to which the band and congestion
information, etc. are written, recalculates its ACR (Allowed
Cell Rate) according to the information, and makes a com-
munication at a rate equal to or lower than the ACR.

Furthermore, the transmitting terminal declares/
negotiates a PCR (Peak Cell Rate) which 1s a maximum
transmission rate, and an MCR (Minimum Cell Rate) which
Is a minimum request rate, to/with the network, at the
beginning of the communication. The transmitting terminal
cannot transmit ATM cells (hereinafter referred to as cells)
at a rate higher than the PCR which 1s determined by the
negotiation. Additionally, the ATM network secures a rate
equal to or higher than the MCR determined by the nego-
tiation. Therefore, the ACR at the transmitting terminal
varies between the MCR and the PCR (MCR=ACRZ=PCR).

With these operations, the ATM network side can avoid
and be restored from the congestion, and the terminal side
can transmit cells at a high rate on the condition that the
network resources are not congested.
<Operations performed by an ABR terminal>

Operations performed by a transmitting terminal (ABR
transmitting terminal) and a receiving terminal (ABR receiv-
ing terminal), which use the ABR service to make
communications, are the target of standardization in the
ATM Forum. Provided below 1s the brief explanation about
the principal operations performed by these terminals.
ABR Transmitting Terminal:

The transmitting terminal transmits cells at a rate equal to
or lower than the allowed cell rate ACR at each time point.
The ABR transmitting terminal transmits one RM cell each
time it transmits a predetermined number (Nrm-1) of user
data cells. When receiving the RM cell, the transmitting
terminal 1ncreases the ACR by a predetermined value if the
CI (Congestion Indicator) bit, which is the congestion indi-
cation bit in the RM cell, is set to “0” (indicating non-
congestion). On the other hand, the transmitting terminal
decreases the ACR by a predetermined value if the CI bit 1s
set to “1” (indicating congestion). Simultaneously with the
above described operations, the transmitting terminal makes
a comparison between an explicit rate ER (Explicit Rate)
included 1n the RM cell and the previously recalculated
ACR, and defines the lower rate as a new ACR. Note that,
however, the value of the ACR must be within a range of
MCR=ACRZ=PCR.

For an F-RM cell transmission, the transmitting terminal
sets the peak cell rate PCR, which 1s declared by the user at
the time of establishing a cell-call, in the ER field of the
F-RM cell, sets the allowed cell rate ACR 1n the CCR field,
and sets the minimum cell rate MCR 1n the MCR field.

When receiving a B-RM cell, the transmitting terminal
can raise the cell rate within a range which 1s not beyond the
peak cell rate PCR, according to a predetermined rule, on the
condition that the congestion indication bit CI indicates
non-congestion, and the cell rate no 1ncrease bit NI indicates
that the cell rate can be increased. If the congestion 1ndica-
tion bit CI indicates congestion, the transmitting terminal
lowers the cell rate within a range which 1s not lower than
the minimum cell rate MCR, according to a predetermined
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rule. Accordingly, the allowed cell rate ACR of the trans-
mitting terminal 1s changed within the range
MCR=ACRZ=PCR. If congestion does not occur 1n the
ATM network, the transmitting terminal performs a trans-
mission at the peak cell rate PCR or a cell rate close to the
PCR.

ABR Receiving Terminal:

An ABR receiving terminal terminates a user data cell
transmitted from a transmitting terminal, and returns a
received RM cell to the transmitting terminal. If an EFCI
(Explicit Forward Congestion Indication) bit indicating
whether or not congestion occurs 1s set to “1” 1n the user data
cell which 1s received immediately before the reception of
the RM cell at that time, the receiving terminal assigns the
value “1” to the congestion indication bit CI 1n the RM cell
to be returned, and returns that RM cell.
<Operations performed by an ATM switch>

Operations for implementing the ABR service, which are
performed on an ATM network side, that 1s, operations
performed by an ATM switch, are grouped into two major
types, and respectively called an EFCI mode and an ER
mode.

A switch in the EFCI mode sets the EFCI bit in a user data
cell passing through the ATM switch 1n a congested state.
With this setting, the congestion 1n the switch can be notified
to the receiving terminal, which then returns the RM cell
whose CI bit 1s set by the receiving terminal itself. As a
result, the congestion can be notified to the transmitting
terminal.

A switch 1n the ER mode calculates a rate at which
terminals can perform a transmission based on a congested
state, and an available band 1n the switch, also calculates the
explicit rate ER which 1s a rate at which a transmitting
terminal 1s allowed to perform a transmission, and writes
that ER to the ER field of an RM cell passing through the
ATM switch 1n a forward direction (from the transmitting
side to the receiving side), or in a backward direction (from
the receiving side to the transmitting side). With these
operations, the ATM switch can directly mstruct the termi-
nals of the rate, thereby performing rate control more
precisely.

Furthermore, the switch itself can generate an RM cell,
and transmit the generated RM cell to the transmitting
terminal 1n addition to an RM cell transmitted from a
terminal, regardless of the EFCI mode or the ER mode. At
this time, the ATM switch can set the CI bit 1n the RM cell,
or write a calculated explicit rate ER to the generated RM
cell, depending on its congested state or available band.

The ATM Forum targets the above described operations as
the ATM switch operations to be standardized. A speciiic
control method or an implementation method, however, are
not the target of standardization. For example, a method for
detecting a congested state in an ATM switch, or an algo-
rithm for calculating the explicit rate ER, 1s not to be
standardized.

To assure a communication quality for each user m an
ATM network, a rate of low of cells from each user i1s
monitored in a UNI (User-Network Interface), which is a
network-terminal interface arranged at an entry point of the
network. If cells exceeding an allowed rate are transmitted,
a UPC (Usage Parameter Control) capability for discarding
those violation cells, etc. must be provided.

If violation cells are allowed to flow into the network,
congestion occurs due to a massive flow of cells mnto a
communications channel. Therefore, there 1s a possibility
that the quality of communications, not only of that user but
also another user, cannot be assured. Since 1t must be also
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monitored whether or not the user observes a rate mstructed
from the network by an RM cell 1n addition to a rate of tlow
of cells contracted between the user and the network at the
time of establishment of the call, the monitoring rate under
the UPC control must dynamically be changed depending on
the contents of the RM cell.

Under the UPC control, a switch cannot change the
monitoring rate 1mmediately after it writes an ER or con-
gestion 1ndication to an RM cell. This 1s because a delay 1s
caused due to a time required for the following operations:
the RM cell reaching a transmitting terminal; the transmuit-
ting terminal changing the ACR depending on the contents
of the received RM cell; and the cell transmitted after that
reaching the ATM switch. Therefore, the monitoring rate
must be changed after a turnaround delay time elapses. The
ATM switch making the ABR communication therefore
needs to measure a delay time required for the UPC.

In the ABR communication, the monitoring rate must be
changed after the ER written to the RM cell 1s changed
according to the monitoring rate in the UNI, and the above
described amount of delay time elapses.

To possibly prevent a user side from erroneously deter-
mining a cell as a violation cell in the UPC, when the user
side obeys an 1nstruction from a switch, the ATM Forum and
the I'TU-T are currently discussing whether or not to make
the UPC lower the rate according to the maximum value <,
of a delay time, or raise the rate according to a minimum
value T, of the delay time.

Since the transmitting terminal terminates an RM cell
which has returned from the switch to the transmitting
terminal, the total amount of transmission time obtained by
adding a travel time of the cell transmitted from the switch
to the transmitting terminal to the travel time of the cell
fransmitted from the transmitting terminal to the switch,
may be used as the above described amount of delay time to
be measured.

Because clock phases for measuring delays on both on the
transmitting and switch sides must be synchronous with high
precision 1n order to define the above described total amount
as an accurate delay time, this 1s difficult to realize.

Additionally, the following two problems must be over-
come 1n order to implement the ABR service in an ATM
switching system.

Problem 1: Operations performed by an ABR terminal are
the target of standardization as described above, but speciiic
operations performed by an ATM switch are not the target of
standardization. Accordingly, the ATM switch must include
a control capability for implementing the operations of the
above described EFCI mode or ER mode 1n order to support
the ABR service in the ATM switch. Consequently, the ATM
switch requires a new control capability which 1s not
included 1in a conventional ATM switch.

Problem 2: Since a switching speed of an ATM switch 1s
remarkably high in a large scale ATM switching system, a
capability of calculating/changing the explicit rate ER can
hardly be implemented in all of the buifers.

SUMMARY OF THE INVENTION

The present invention aims at overcoming the above
described problems. A first object of the present invention 1s
to provide a delay time measuring method which can
monitor and control a flow of cells flowing from a trans-
mitting terminal to a network in an ABR communication by
setting a suitable value as a delay parameter to be set 1n a
UPC. A second object of the present invention 1s to provide
an ABR control method and an ABR control system which
can avold congestion, and improve line use efficiency at the
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same time. A third object of the present invention 1s to
provide a specific ABR control capability which can accom-
modate the ABR service even 1n a large-scale ATM switch-
Ing system, eftc.

A method according to the present invention 1s a method
for measuring a delay time by a switch 1n an ATM network
providing an ABR service. This method comprises the steps
of detecting a first RM cell flowing 1n a first direction 1n the
ATM network; storing an arrival time, connection identifier,
and a sequence number of the detected first RM cell;
obtaining an arrival time of a second RM cell, which flows
in a second direction opposite to the first direction, when the
second RM cell, having the same connection 1dentifier and
sequence number as the stored connection identifier and
sequence number, arrives; and calculating a turnaround
delay time required 1n a period during which an RM cell
arrives at the switch, doubles back at an ABR terminal, and
returns to the switch, by subtracting the arrival time of the
first RM cell from the arrival time of the second RM cell.

This method may further comprise the steps of measuring
the turnaround delay time 1n a direction of an ABR connec-
tion an “N” (an arbitrary number) number of times, if ABR
connections are bidirectionally established between termi-
nals; and
setting maximum and minimum values of the measured
turnaround delay times as maximum and minimum values of
delay parameters used 1n a UPC, for an ABR connection 1n
a different direction.

Additionally, this method may further comprise the steps
of once measuring the turnaround delay time in a direction
of an ABR connection, if ABR connections are bidirection-
ally established between terminals; and setting maximum
and minimum values of turnaround delay times calculated
based on an exponential distribution whose average 1s the
measured turnaround delay time, as maximum and mini-
mum values of delay parameters used in a UPC, for an ABR
connection 1n a different direction.

A switch according to the present invention 1s a switch 1n
an ATM network providing an ABR service. The switch
comprises a first detecting unit for detecting a first RM cell
flowing 1n a first direction 1n the ATM network; a storing unit
for storing an arrival time, connection identifier, and a
sequence number of the first RM cell detected by the first
detecting unit; a second detecting unit for detecting a second
RM cell flowing 1n a second direction in the ATM network;
and a calculating unit for calculating a turnaround delay time
required 1n a period during which an RM cell arrives at the
switch, doubles back at an ABR terminal, and returns to the
switch, by subtracting the arrival time of the first RM cell
from the arrival time of the second RM cell, if the connec-
tion 1dentifier and sequence number of the second RM cell
match the connection 1dentifier and sequence number of the
first RM cell, which are stored in said storing unit.

The switch may further comprise a UPC parameter con-
trolling unit for measuring the turnaround delay time 1n a
direction of an ABR connection an “N” (an arbitrary integer)
number of times, and setting maximum and minimum values
of measured turnaround delay times as maximum and mini-
mum values of delay parameters used in a UPC, for an ABR
connection 1n a different direction, 1if ABR connections are
bidirectionally established between terminals.

Additionally, the switch may further comprise a UPC
parameter controlling unit for measuring the turnaround
delay time in a direction of an ABR connection, and setting
maximum and minimum values of the turnaround delay time
calculated based on an exponential distribution whose aver-
age 1s the measured turnaround delay time, as maximum and
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6

minimum values of delay parameters used 1n a UPC, for an
ABR connection 1n a different direction, if ABR connections
are bidirectionally established between terminals.

A storage medium according to the present mvention 1s a
computer-readable storage medium. The storage medium
stores a program which executes the above described
method for measuring a delay time according to the present
invention 1n a switch 1n an ATM network providing an ABR
SETvIce.

An ABR controlling method according to the present
invention 1s a method for notifying an allowed transmission
rate to a terminal of an ATM network. This method com-
prises the steps of obtaining the number of active connec-
tions 1 which one or more cells arrive during an observation
period, 1n correspondence with an output channel; and
notifying a value obtained by dividing a band of the output
channel by the number of active connections, to a transmit-
ting terminal, as the allowed transmission rate. Accordingly,
the transmission rate suitable for the number of active
connections, can be set.

Another ABR controlling method according to the present
invention 1s a method for notifying an allowed transmission
rate to a transmitting terminal in an ATM network. This
method comprises the steps of obtaining a number of active
connections 1n which one or more cells arrive during an
observation period, in correspondence with an output chan-
nel; subtracting a value which 1s a total of minimum cell
rates of the active connections corresponding to the output
channel from a band of the output channel, dividing the
result of the subtraction by the number of active
connections, and adding the minimum cell rate correspond-
ing to each of the active connections to the divided value,
and notifying the allowed transmission rate to the transmit-

ting terminal. With this process, the allowed transmission
rate can be set 1n order not to be lower than the minimum cell
rate.

The above described ABR controlling method may further
comprise the steps of setting an arbitrary number of thresh-
old values for at least either of a shared buffer memory
which temporarily stores cells from a transmitting terminal,
and an address management FIFO buffer memory which
manages addresses of the shared buffer memory; setting a
decreasing coeflicient 1n correspondence with any of the
threshold values; and notifying a value obtained by multi-
plying the allowed transmission rate by the decreasing
coellicient corresponding to any of the threshold values, to
the transmitting terminal, when an amount of storage
exceeds any of the threshold values. Accordingly, the
allowed transmission rate obtained based on the band of an
output channel and the number of active VCs (virtual
connections), is adjusted according to a state prior to an
occurrence of congestion, thereby preventing congestion
without fail.

Additionally, this method may further comprise the step
of notifying the allowed transmission rate to the transmitting
terminal as the minimum cell rate, when the amount of
stored cells exceeds a particular threshold value.

Furthermore, a number of arrived cells 1s counted for each
output channel, and a period during which a predetermined
number of cells arrive, 1s designated as an observation
period, according to this-method.

Still further, the observation period i1s designated as a
fixed period, according to this method. The fixed period is
set, for example, by a timer.

An ABR controlling system according to the present
invention 1s a system for notifying an allowed transmission
rate of a transmitting terminal in an ATM network, as shown
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later 1n FIG. 7. The system comprises a shared buifer
memory for temporarily storing cells transmitted from a
fransmitting terminal; an allowed transmission rate calcu-
lating unit for calculating the allowed transmission rate in
correspondence with an output channel; an address manage-
ment FIFO buffer memory for managing addresses of cells
stored 1n said shared bufler memory; a congestion detection
controlling unit for detecting congestion based on an amount
of storage of the address management FIFO buffer memory
or the shared bufler memory; and ER writing unit for writing
the allowed transmission rate received from the allowed
transmission rate calculating unit as 1t 1s, or a value obtained
by lowering the allowed transmission rate according to a
congestion notification signal received from the congestion
detection controlling unit, to an RM cell, 1n order to notily
the allowed transmission rate to the transmitting terminal,
wheremn the allowed transmission rate calculating unit
obtains a number of active connections 1n which one or more
cells arrive during an observation period, for each output
channel, and calculates the allowed transmission rate by
dividing the band of the output channel by the obtained
number.

The allowed transmission rate calculating unit may com-
prise an arrived cell number counter for counting a number
of arrived cells 1n correspondence with an output channel,
and designating an observation period when the counted
number reaches a predetermined number; an active VC
(virtual connection) table to which a connection identifier of
an arrived cell, which corresponds to the output channel, 1s
written; an active VC number counter for obtaining the
number of active VCs by counting the connection 1dentifier
which corresponds to the output channel, and 1s written to
the active VC table; and an allowed transmission rate
calculation controlling unit for calculating the allowed trans-
mission rate by dividing the band of the output channel by
the number of active VCs counted by the active VC number
counter which corresponds to the output channel for which
the arrtved cell number counter counts the predetermined
number of cells.

This unit may further comprise a total MCR calculation
controlling unit for outputting a total MCR value by adding
a minimum cell rate of an active connection for each output
channel; an active VC number counter for obtaining the
number of active connections during an observation period;
and an allowed transmission rate calculation controlling unit
for calculating the allowed transmission rate by subtracting
the total MCR value during the observation period, which 1s
obtained by the total MCR calculation controlling unit, from
the band of the output channel, dividing the subtracted value
by the number of active connections, and adding the mini-
mum cell rate corresponding to the connection, to the
divided value.

The ER writing unit may comprise an ER change param-
cter table 1n which a plurality of threshold values corre-
sponding to the amount of storage of the address manage-
ment FIFO buffer memory or said shared buffer memory,
and decreasing coetficients corresponding to the plurality of
threshold values, are set; and an ER calculating unit for
multiplying the allowed transmission rate from said allowed
fransmission rate calculating unit, by the decreasing coefli-
cient read from said ER change parameter table, based on
information conveying that the amount of storage of said
address management FIFO buffer memory or said shared
buffer memory exceeds the plurality of threshold value.

A storage medium according to the present invention 1s a
computer-readable storage medium, and stores a program
which executes the above described ABR controlling
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method for notifying an allowed transmission rate of a
terminal in an ATM network providing an ABR service.

An ATM switching system according to the present inven-
tion 1s a system for adjusting a transmission rate of cells by
feeding back a congested state in the ATM switching system.
The system comprises a congestion detecting unit for detect-
ing a congested state of the ATM switching system; a
congestion indication information setting unit for setting
congestion 1ndication information for indicating the con-
oested state, 1n the cell switched by the ATM switching
system, according to the congested state detected by the
congestion detecting unit; a rate calculating unit for calcu-
lating an explicit rate for assigning a transmission rate to a
transmission channel of a cell which relates to an occurrence
of the congested state; and a rate changing unit for detecting
an occurrence ratio of congestion i1n the transmission
channel, changing the explicit rate based on the occurrence
ratio, and reassigning the changed explicit rate to the cell fed
back to the terminal.

The rate changing unit may make a comparison between
the occurrence ratio of the congestion and a predetermined
threshold value, and change the explicit rate calculated by
said rate calculating unit based on the result of the compari-
son. Additionally, the rate changing unit may change the
explicit rate, by dividing the explicit rate calculated by said
rate calculating unit by a divisor value determined based on
the result of the comparison. Furthermore, the rate changing
unit may detect a number of cells in which the congestion
indication information 1s set, which arrived during a prede-
termined observation period, and recognize the occurrence
ratio of the congestion according to the number of arrived
cells. Still further, the rate changing unit may recognize the
occurrence ratio of the congestion based on an arrival
interval of cells 1n which the congestion indication infor-
mation 1s set. Still further, the rate changing unit may
smooth a setting ratio of the congestion 1ndication informa-
tion included 1n a received cell, based on the setting ratio of
the congestion indication information recognized before
rece1ving the cell, make a comparison between the smoothed
setting ratio and a predetermined threshold wvalue, and
change the explicit rate calculated by said rate calculating
unit based on the result of the comparison.

Still further, the rate changing unit smooths a setting ratio
of the congestion indication 1nformation included in a
received cell, based on the following equation:

C(n)=p-Now(n)+(1-p)-C(n-1)

C(n): the setting ratio after a current smoothing operation.

B: a weight (O<B=1).

Now(n): an unsmoothed setting ratio which is currently
detected.

C(n-1): the setting ratio after a previous smoothing

operation.

Still further, the rate changing unit may make a compari-
son between a setting ratio of the congestion indication
information imcluded 1n a received cell, and a plurality of
predetermined threshold values, determine one of a plurality
of predetermined values according to the plurality of pre-
determined threshold values, based on the comparison, and
change the explicit rate calculated by the rate calculating
unit, based on the determined value.

Still further, the rate changing unit may change the
explicit rate calculated by said rate calculating unit, by a
predetermined ratio, when a user data cell in which the
congestion 1ndication information 1s set arrives 1n a certain
observation period.
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The congestion indication information setting unit may
set the congestion indication information as an explicit
forward congestion indication bit in a payload type field in
a header of the user data cell.

Additionally, the rate calculating unit may assign the
calculated explicit rate to a resource management cell which
1s transmitted on the transmission channel and fed back to
the terminal, while the rate changing unit may extract a
resource management cell to which the explicit rate calcu-
lated by the rate calculating unit 1s assigned, change the
explicit rate assigned to the resource management cell based
on the occurrence ratio of the congestion, reassign the
changed explicit rate to the extracted resource management
cell, and retransmit the resource management cell to the
transmission channel.

Furthermore, the rate calculating unit may count a number
of active virtual connections in a transmission channel for
cach output channel, divide a transmission rate assigned for
cach output channel by the number of active virtual con-
nections for each output channel, and calculate the explicit
rate based on the result of the division.

Still further, the rate calculating unit may be arranged in
correspondence with a demultiplexer which demultiplexes
transmission channels in the ATM switching system. Still
further, the rate calculating unit may be arranged 1n corre-
spondence with an SRM which configures a switching unit
in the ATM switching system.

An ATM switching method according to the present
invention 1s a method for adjusting a transmission rate of a
cell by feeding a congested state in an ATM switching
system, back to a terminal. The method comprises the steps
of detecting a congested state 1n an AI'M switching system;
setting congestion indication information for indicating the
congested state 1 a cell switched 1n the ATM switching
system, according to the detected congested state; calculat-
ing an explicit rate designating a transmission rate for a
transmission channel of a cell relating to an occurrence of
the congested state; and detecting an occurrence ratio of
congestion 1n the transmission channel, changing the
explicit rate based on the occurrence ratio, and assigning the
changed explicit rate to the cell fed back to the terminal.

The method may further comprise the step of making a
comparison between the occurrence of the congestion and a
predetermined threshold value, and changing the explicit
rate based on the result of the comparison. Additionally, this
method may further comprise the step of changing the
explicit rate by dividing the explicit rate by a divisor value
determined based on the result of the comparison.
Furthermore, the method may further comprise the step of
detecting a number of cells 1n which the congestion 1ndica-
fion 1nformation 1s set, which arrived during a predeter-
mined observation period, and recognizing In the occurrence
ratio of the congestion according to the number of arrived
cells. Still further, this method may comprise the step of
recognizing the occurrence ratio of the congestion, based on
an arrival interval of cells in which the congestion indication
information 1s set.

The ATM switching method according to the present
invention may further comprise the steps of smoothing a
setting ratio of the congestion indication information
included 1n a cell, based on the setting ratio of the congestion
indication information, which 1s recognized before receiving
the cell; making a comparison between the smoothed setting
rat1o and a predetermined threshold value; and changing the
explicit rate based on the result of the comparison.

This method may further comprise the step of smoothing,
the setting ratio of the congestion indication information
included 1n a cell, based on the following equation:
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C(n)=p-Now(n)+(1-p)-C(n-1)

C(n): the setting ratio after a current smoothing operation.

B: a weight (O<B=1).

Now(n): an unsmoothed setting ratio which 1s currently

detected.

C(n-1): the setting ratio after a previous smoothing

operation.

Furthermore, this method may further comprise the steps
of making a comparison between a setting ratio of the
congestion 1ndication information included 1 a cell and a
plurality of predetermined threshold values; determining
one of a plurality of predetermined values according to the
plurality of predetermined threshold values, based on the
comparison; and changing the explicit rate based on the
determined value.

A storage medium according to the present invention 1s a
computer-readable storage medium, and stores a program
executing the above described ATM switching method for
notifying an allowed transmission rate in an ATM network
providing an ABR service to a terminal.

A communicating connection number counting system
according to the present invention 1s a system for use 1n a
cell switching network controlling an interval of a packet
(cell) transmission at a transmitting terminal according to a

state of the network. The system comprises a cell extracting
unit for detecting a cell switched 1n the cell switching
network; a connection counter for counting a number of
connections 1n which at least one packet (cell) arrives,
detected by said cell extracting unit, as a number of com-
municating connections; and a controlling unit for determin-
ing the number of communicating connections, which 1s
recognized by said connection counter, before a predeter-
mined period elapses from an observation start point.

The observation start point may be defined as a time point
at which a cell arrives 1n said cell extracting unit, while the
predetermined period may be defined as a period during
which a predetermined number of cells arrive 1 said cell
extracting unit. Additionally, the observation start point may
be defined as a time point, while the predetermined period
may be defined as a time interval.

The controlling unit may determine the number of com-
municating connections, each time a predetermined number
of cells arrives 1n said cell extracting unit. Additionally, the
controlling unit may determine the number of communicat-
ing connections at predetermined time intervals.

A second communicating connection number counting
system according to the present invention 1s a system for use
in a cell switching network controlling an interval of a
packet (cell) transmission at a transmitting terminal accord-
ing to a state of the network. The system comprises a cell
extracting unit for detecting a cell switched 1n the cell
switching network; a connection counter for counting a
number of connections in which at least one packet (cell)
arrives, detected by said cell extracting unit, as a number of
communicating connections; and a controlling unit for esti-
mating and determining the number of communicating con-
nections to be recognized by said connection counter, after
a predetermined time TM elapses from an observation start
point.

The controlling unit may define an amount of time during
which predetermined “N” communicating connections are
recognized, from the observation start point, as “T”, and
determine the number of communicating connections after
the time TM elapses from the observation start point as
N4 c7r==0xNXTM/T, by using a coeflicient .

Additionally, the controlling unit may count an actual
number of communicating connections N , -7y Within the
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time TM from the observation start point, determine a new
coeflicient o by making a comparison between the
N i c7rrver and the N, -+ and use the new coeflicient o 1n
order to determine a next number of communicating con-
nections.

Furthermore, the controlling unit may define a period
during which predetermined “Ni” communicating connec-
fions are recognized, from the observation start point, as a
time “T11”, and determine the number of communicating
connections N, -7 alter the time TM elapses from the
observation start point, as N, -=NixTM/I1, each time
the time T1 elapses.

Still turther, the controlling unit may divide the time TM
into “n” shorter periods Tks, define the number of commu-
nicating connections, which 1s recognized until a shorter
period Tk elapses from the observation start point, as a
number “N”, and determine the number of communicating
connections N, .7 alter the time TM elapses from the
observation start point, as N, ~7n=Nxn.

Still further, the controlling unit may divide the time TM
into “n” shorter periods Tks, define the number of commu-
nicating connections, which 1s recognized until a shorter
pertod Tk elapses from the observation start point, as a
number “N”, determine the number of communicating con-
nections N, -7 alter the time TM elapses from the obser-
vation start point, as N, =0xNxn, count an actual
number of communicating connections N , ~rr . Within the
time TM from the observation start point, determine a new
coeflicient o by making a comparison between the
N c7rrve.p and the N, -, and use the new coeflicient a in
order to determine a next number of communicating con-
nections.

Still further, the controlling unit may divide the time TM
into “n”” shorter periods Tks, define the number of commu-
nicating connections, which 1s recognized within a shorter
pertod Tk, each time the shorter period Tk elapses, as a
number “Nk”, and determine the number of communicating
connections N7z a5 Nycorrve=NK+HNk-Nk-1)x(n-k),
cach time the shorter period Tk elapses from the observation
start point.

The communicating connection number counting system
may further comprise a storing unit for storing a connection
identifier of a cell which has arrived 1n said cell extracting
unit, and setting an 1denfification flag 1n correspondence
with the connection 1dentifier if the connection 1dentifier has
not been stored, wheremn the controlling unit may set a
maximum number “M” of connections which can be set 1n
a switch, as the N, -z, when the number of communicat-
ing connections counted by said connection counter, until
the predetermined time TM elapses from the observation
start point, exceeds a maximum number “L” of connections
which can be stored 1n said storing unait.

If the N, -rnr €Xceeds the maximum number “M” of
connections which can be set 1n the switch, the number of
connections established 1n the switch 1s set as the N, 777

If the N, .,y €xceeds the maximum number “M” of
connections which can be set 1n the switch, the number of
connections which are currently established in the switch 1s
set as the N, 77z

The communicating connection number counting method
according to the present imnvention 1s a method for use 1n a
cell switching network which controls an 1nterval of a packet
(cell) transmission at a transmitting terminal according to a
state of the network. This method may comprise the steps of
detecting a cell switched 1n the cell switching network;
counting a number of connections 1 which at least one
packet (cell) is detected, as a number of communicating
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connections; and determining the number of communicating
connections which 1s counted before a predetermined period
clapses from an observation start point. This method may
further comprise the step of implementing a capability in the
above described {first communicating connection number
counting system.

A second communicating connection number counting
method according to the present invention 1s a method for
use 1n a cell switching network which controls an mterval of
a packet (cell) transmission at a transmitting terminal,
according to a state of the network. This method comprises
the steps of detecting a cell switched 1n the cell switching
network; counting a number of connections 1n which at least
one packet (cell) is detected, as a number of communicating
connections; and estimating and determining the number of
communicating connections to be recognized by a connec-
tion counter, until a predetermined time TM elapses from an
observation start point. This method may further comprise
the step of implementing a capability in the above described
second communicating connection number counting system.

A storage medium according to the present mvention 1s a
computer-readable storage medium, and stores a program
which executes a capability for counting a number of
communicating connections 1 a cell switching network
which controls an interval of a packet (cell) transmission at
a transmitting terminal according to a state of the network.
The capability comprises the steps of detecting a cell
switched 1n the cell switching network; counting a number
of connections in which at least one packet (cell) is detected,
as the number of communicating connections; and deter-
mining the number of communicating connections which 1s
counted before a predetermined period elapses from an
observation start point. This storage medium may further
comprise a capability for implementing the operations of the
above described first system and the steps of the above
described first method.

A second storage medium according to the present 1nven-
fion 1s a computer-readable storage medium, and stores a
program which executes a capability for counting a number
of communicating connections in a cell switching network
which controls an interval of a packet (cell) transmission at
a transmitting terminal according to a state of the network.
The capability comprises the steps of detecting a cell
switched 1n the cell switching network; counting a number
of connections in which at least one packet (cell) is detected
as the number of communicating connections; and estimat-
ing and determining the number of communicating connec-
tions to be recognized by a connection counter, unfil a
predetermined time TM elapses from an observation start
point. This storage medium may further comprise a capa-
bility for implementing the operations of the above
described second system, and the steps of the above
described second method.

The present invention covers each device, each system,
and a storage medium (such as a magnetic disk, optical disk,
magneto-optical disk, ROM, RAM, etc.), which stores the
computer programs for implementing the methods together
or separately. The present invention also covers the use of
the programs which are separately stored 1n a plurality of
storage media.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing the typical struc-
ture of an RM cell;

FIG. 2 1s a schematic diagram showing the principle of an
ATM switching system according to the present invention;

FIG. 3 1s a schematic diagram showing a delay time
measuring system according to the present invention;
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FIG. 4 1s a schematic diagram showing the structure of a
parameter storing memory according to the present inven-
fion;

FIG. 5 1s a schematic diagram showing the structure of a
measured delay time storing memory according to the
present mvention;

FIG. 6 1s a schematic diagram showing a method for
determining a delay parameter according to the present

mvention;

FIG. 7 1s a schematic diagram showing the first configu-
ration of an ABR controlling system according to the present
mvention;

FIG. 8 1s a schematic diagram showing the first configu-
ration of the allowed transmission rate calculating unat;

FIG. 9 1s a schematic diagram showing the structure of an
active VC table according to the present invention;

FIG. 10 1s a flowchart showing the first allowed trans-
mission rate calculating method according to the present
mvention;

FIG. 11 1s a flowchart showing the second allowed
fransmission rate calculating method according to the
present mvention;

FIG. 12 1s a schematic diagram showing the second
configuration of the allowed transmission rate calculating
unit according to the present invention;

FIG. 13 1s a schematic diagram showing the structure of
an active VC table;

FIG. 14 1s a flowchart showing the third allowed trans-
mission rate calculating method according to the present
mvention;

FIG. 15 1s a flowchart showing the fourth allowed trans-
mission rate calculating method according to the present
mvention;

FIG. 16 1s a schematic diagram showing the second
configuration of the ABR controlling system according to
the present invention;

FIG. 17 1s a schematic diagram explaining an address
management FIFO bufler memory;

FIG. 18 1s a schematic diagram explaining an ER writing
unit according to the present invention;

FIG. 19 1s a schematic diagram explaining an ER change
parameter table;

FIG. 20 1s a schematic diagram showing the basic con-
figuration of an ATM switching system according to the
present invention;

FIG. 21 1s a schematic diagram showing the configuration
of an ABR switching system according to the present
mvention;

FIG. 22 1s a schematic diagram showing the configuration
of an SRM 1n a switching unit according to the present
mvention;

FIG. 23 1s a schematic diagram showing the data format
of a cell;

FIG. 24 1s a schematic diagram showing the configuration
of a demultiplexer;

FIG. 25 1s a schematic diagram showing a rate calculating
unit according to the present invention;

FIG. 26 1s a schematic diagram showing a data format of
an RM cell;

FIG. 27 1s a schematic diagram showing the configuration
of a rate changing unit according to the present invention;

FIG. 28 1s a schematic diagram explaining operations
performed by an ER changing unit according to the present
mvention;
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FIG. 29 1s a schematic diagram showing a relationship
between an occurrence of congestion and an ER;

FIG. 30 1s a schematic diagram showing the second

configuration of the ABR switching system according to the
present 1nvention;

FIG. 31 1s a schematic diagram showing a relationship
between an occurrence of congestion and an ER;

FIG. 32 1s a schematic diagram showing the structure of
a cell for use 1n the present 1nvention;

FIG. 33 1s a schematic diagram showing the structure of
an active connection storing table memory according to the
present 1nvention;

FIG. 34 1s a schematic diagram showing the configuration

of a communicating connection number counting system
according to the present invention;

FIG. 35 1s a schematic diagram showing the configuration
of a communicating connection number counting unit
according to the present invention;

FIG. 36 1s a schematic diagram showing a first commu-
nicating connection number counting method according to
the present invention;

FIG. 37 1s a schematic diagram showing a second com-
municating connection number counting method according
to the present invention;

FIG. 38 1s a schematic diagram showing the first example
of a connection number counting method using an estimate
according to the present 1nvention;

FIG. 39 1s a schematic diagram showing the second
example of the connection number counting method using
an estimate according to the present invention;

FIG. 40 1s a schematic diagram showing the third example
of the connection number counting method using an esti-
mate according to the present invention;

FIG. 41 1s a schematic diagram showing the fourth

example of the connection number counting method using
an estimate according to the present invention;

FIG. 42 15 a schematic diagram showing the configuration
of the communicating connection number counting unit
according to the present invention;

FIG. 43 1s a schematic diagram showing the first process

performed by a controlling unit according to the present
mvention;

FIG. 44 1s a schematic diagram showing the second

process performed by the controlling unit according to the
present 1nvention; and

FIG. 45 exemplifies a computer system for implementing
the method of the present invention by using a storage
medium of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Provided below 1s the explanation about an embodiment
according to the present 1invention.

FIG. 2 1s a schematic diagram showing the configuration
of an ATM switching system according to the present
invention. In this figure, 1 indicates an ATM network; 2 and
3 indicate ATM switches; and A and B indicate ABR
terminals respectively corresponding to the ATM switches 2
and 3. This figure shows the case 1n which a delay caused
between the ATM switch 2 and the ABR terminal A 1s
measured. 4 1indicates a UPC device for an ABR service 1n
a UNI corresponding to the ABR terminal A. 5 indicates a
delay time measuring unit for measuring an amount of delay
time.
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If bidirectional ABR connections #1 and #2 exist for the
ABR terminals A and B, the backward ABR connection #2

1s used to measure a total amount of delay times T1+T2
caused 1n the forward ABR connection #1. Here, the delay
fime T1 1s an amount of propagation time from the delay
fime measuring unit 5 to the ABR terminal A, while the
delay time T2 1s an amount of propagation time from the
ABR terminal A to the delay time measuring unit 5. A time
13, during which a certain RM cell 1n the connection #2
passes through the delay time measuring unit 5, doubles
back at the ABR terminal A, and reaches the delay time
measuring unit 5, 1s defined as a delay time obtained for the

ABR connection #1.

According to the present invention, a time Ta at which an
RM cell 1nitially passes through the delay time measuring
unit 5, 1s stored, a time at which the RM cell 1s again
detected by the delay time measuring unit 5 after 1t doubles
back from an opposing terminal, 1s defined as Tb, and Ta-Tb
is calculated, so that a delay time (turnaround delay time) is
obtained. At this time, the sequence number (SN) included
in that RM cell 1s used to verify that the detected RM cell 1s
the 1dentical cell. The ITU-T and ATM Forum prescribe that
the SN 1s assigned at a transmitting terminal, and it 1s not
changed at a receiving terminal. Accordingly, the matching
between the SNs allows the detected cell to be 1dentified as
being 1dentical.

Provided below 1s the explanation about the specific
methods for attaining the aims of the present invention.

(1) When a forward RM cell from the ATM network 1 is

detected by the delay time measuring unit 5 in the switch 2
in the ATM network 1 providing an ABR service, its
connection 1dentifier and sequence number are first stored
together with 1ts arrival time Ta. When a backward RM cell
whose connection identifier and sequence number are the
same as the stored i1dentifier and number arrives, 1ts arrival
time Tb 1s obtained. Then, a turnaround delay time T during
which the RM cell arrives at the switch 2, doubles back at
the opposing ABR terminal 2 on the receiving side 2, and
returns to the switch 2, 1s calculated by subtracting the stored
arrival time Ta from the arrival time Tb.

(2) If ABR connections are bidirectionally established
between terminals in the above described step (1), the
turnaround delay time T in one of the bidirectional ABR
connections is measured an N (arbitrary integer number)
number of times. The maximum and minimum measurement
values are respectively set as maximum and minimum
values T, and T, of delay parameters used under a UPC for
the ABR connections in the other direction.

(3) If ABR connections are bidirectionally established
between terminals in the above described step (1), the
turnaround delay time T i one direction of the ABR
connection 1s once measured. The maximum and minimum
values of a delay time obtained from an exponential distri-
bution 1n which the measured value 1s used as its average,
are respectively set as the maximum and minimum values ©,
and T, of delay parameters used under a UPC for the other
direction of the ABR connections.

The explanation provided below 1s based on the assump-
tion that the amount of time (the amount of delay time)
during which the RM cell passes through the delay time
measuring unit § from the ATM network side, doubles back
at the ABR terminal A, and returns to the delay time
measuring unit 5 in the above described connection #2
shown 1n FIG. 2, 1s calculated, the UPC parameters T, and
T, are calculated based on the above described calculated
value, and these parameters T, and T, are set as the UPC
parameters of the connection #1.
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FIG. 3 1s a schematic diagram showing an embodiment of
a delay time measuring system according to the present
invention. It also shows the details of the delay time mea-
suring unit 5. The delay time measuring unit 5 1s arranged,
for example, 1n a subscriber line processing device 106

shown 1n FIG. 20.

In FIG. 3, the same portions as those shown 1n FIG. 2 are
denoted by the same reference numerals. 11 indicates a
forward RM cell detecting/parameter extracting unit for an
RM cell flowing in a forward direction (a forward RM cell
hereinafter referred to as an F-RM cell). 12 indicates a
controlling unit. 13 indicates a parameter storing memory.
14 indicates a backward RM cell detecting/parameter
extracting unit for an RM cell flowmng mm a backward
direction (a backward RM cell hereinafter referred to as a
B-RM cell). 15 indicates a delay time calculating unit. 16
indicates a UPC parameter calculation/write controlling
unit. 17 indicates a measured delay time storing memory.

Provided below 1s the explanation about the operations
performed by the delay time measuring unit shown in FIG.
3. The following (a) through (g) describe the operations and
their order of the delay time measuring unit 5. FIG. 3 shows
cach of the portions corresponding to each of the operations.

(a) The F-RM cell detecting/parameter extracting unit 11
detects an F-RM cell from an ATM network side. At this
time, a determining unit included 1n the F-RM cell detecting/

parameter extracting unit 11 detects an RM cell whose
direction bit (DIR) 1s set to “0” by referencing that bit in the
RM cell. The value of the DIR “0” indicates an F-RM cell.

(b) The connection identifier indicating a connection and
the sequence number (SN) in the detected RM cell are
extracted and transmitted to the controlling unit 12.

(c) The controlling unit 12 writes the extracted connection
identifier, sequence number SN, and the arrival time Ta, to
the parameter storing memory 13.

(d) When a cell whose DIR 1s set to “1” arrives at the
B-RM cell detecting/parameter extracting unit 14, its arrival
time Tb 1s detected, and transmitted to the controlling unit 12
together with the sequence number SN of the arrived RM
cell. The value of the DIR “1” indicates a B-RM cell. The
controlling unit 12 makes a comparison between the SN of
the arrived RM cell and the SN stored in the parameter
storing memory 13, and determines whether or not they
match. If they match, the arrival times Ta and Tb are
transmitted to the delay time calculating unit 15.

(¢) The delay time calculating unit 15 calculates the
difference T between the arrival times (T=Tb-Ta).

(f) The UPC parameter calculation/write controlling unit
16 obtains the delay parameters T, and t used under a UPC.

(g) The obtained parameters T, and T, are set as UPC
parameters for a backward connection #2 having the same
connection identifier as that stored in the parameter storing
memory 13.

FIG. 4 1s a schematic diagram showing the structure of the
parameter storing memory 13 according to this embodiment.
The parameter storing memory 13 stores data including a
plurality of sets of a connection 1dentifier, sequence number
SN, and an arrival time of a B-RM cell T0, as shown 1n this
figure.

Provided next is the explanation about methods (first and
second methods) for obtaining the delay parameters T, and

T5; used under a UPC based on a calculated time difference
T

With the first method, the delay time T 1s measured an N
(arbitrary integer number) number of times for a certain
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connection, and the maximum and minimum values among
the measured values are respectively set as T, and t5. In this
case, the UPC parameter calculation/write controlling unit
16 stores measured delay times Ts 1n the measured delay
fime storing memory 17, and determines the maximum and
minimum values T, and t, among stored N delay times Ts
when the delay time T 1s measured the N number of times.

FIG. § shows the structure of the measured delay time
storing memory 17 according to this embodiment. The
measured delay time storing memory 17 stores a connection
identifier and measured N delay times T1, 12, . . ., TN, as
shown 1n this figure.

With the second method, the delay time T 1s measured
only once, and the delay parameters t, and T, are determined
based on the measured delay time T. In this case, the UPC
parameter calculation/write controlling unit 16 serves as a
unit for calculating an exponential distribution curve in
which the measured delay time T 1s used as 1ts average, and
determines the maximum and minimum values of the delay
parameters based on the exponential distribution curve.

FIG. 6 1s a schematic diagram showing a method for
determining the delay parameters T, and t5, based on an
exponential distribution curve. The exponential distribution
curve 1n which the measured delay time T 1s used as its
average, 1s determined, the value of the measured delay time
T corresponding to X% of the exponential distribution curve
1s determined as the minimum value Tmin of the delay time
T, and defined as T,, while the value of the delay time T
corresponding to y% of the exponential distribution curve 1s
determined as the maximum value Tmax of the delay time
T, and defined as T, as shown 1n this ficure. The measured
delay time storing memory 17 1s not required for imple-
menting the second method. Note that the values of x% and
y% can be predetermined 1n order to obtain the most suitable
delay parameters.

FIG. 7 1s a schematic diagram showing the basic configu-
ration of an ABR controlling system according to the present
invention. This ABR controlling system comprises a shared
buffer memory 21, allowed transmission rate calculating
unit (or an explicit rate ER calculating unit) 22, ER writing
unit 23, congestion detection controlling unit 24, and
address management FIFO buffer memories 25-1 through
25-n. This ABR controlling system corresponds to the main
portion of an ATM switch operating in an ER mode. It

comprises “n” input channels (channels on an input side)
and “n” output channels (channels on an output side).

User and RM cells transmitted from a transmitting ter-
minal via the plurality of input channels, are multiplexed by
a multiplexing unit, not shown 1n this figure, and temporarily
stored 1n the shared buffer memory 21 via the allowed
transmission rate calculating unit 22. Then, each of the
stored cells 1s transmitted to an output channel correspond-
ing to the VPI and VCI of 1its header, and transmitted via a
demultiplexing unit, not shown 1n this figure. A cell storage
address in the shared buffer memory 21 1s managed by any
of the address management FIFO buffer memories 25-1
through 25-n, which corresponds to an output channel

identified by the VPI/VCI of the arrived cell. In this way, 1t
1s determined whether or not congestion occurs.

One of the address management FIFO buffer memories

25-1 through 25-n, corresponding to the output channel
identified by the VPI/VCI of the arrived cell, stores an

address to which the arrived cell 1s written 1n the shared
buffer memory 21. If the number of addresses stored 1n any
of the address management FIFO buffer memories 25-1
through 25-n, which corresponds to a certain output channel,
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exceeds a predetermined number, 1t 1s determined that
congestion occurs 1n that output channel. Then, a congestion
detection signal 1s transmitted to the congestion detection
controlling unit 24, which then outputs a congestion notifi-
cation signal to the ER writing umt 23. In this case, the
congestion detection controlling unit 24 can also detect an
occurrence of congestion based on the amount of stored cells
in the shared buffer memory 21.

The allowed transmission rate calculating unmit 22 calcu-
lates an allowed transmission rate based on a band available
for an ABR communication corresponding to each output
channel. In this case, 1t calculates the allowed transmission
rate regardless of whether or not congestion occurs. In a
non-congested state, however, an allowed transmission rate
corresponding to an output channel is transterred to the ER

writing unit 23, and written to the explicit cell rate ER fields
for forward and backward RM cells (F-RM and B-RM
cells).

When the congestion notification signal 1s transmitted
from the congestion detection controlling unit 24 to the ER
writing unit 23, the ER writing unit 23 lowers the allowed
transmission rate calculated in the allowed transmission rate
calculating unit 22 according to a predetermined rule, and
writes the lowered value to the explicit cell rate ER field of
the received RM cell. The transmitting terminal receives the
RM cell, and lowers its transmission rate according to the
allowed transmission rate written to the explicit rate ER field
of the received RM cell. With this process, the channel can
be restored quickly from the congested state.

FIG. 8 shows the configuration of the allowed transmis-
sion rate calculating unit 22. As shown 1n this figure, the
allowed transmission rate calculating unit 22 comprises a
cell extracting unit 31, arrived cell number counter 32,
active VC table 33, active VC number counter 34, and an
allowed transmission rate calculation controlling unit (or
explicit rate ER calculation controlling unit) 35. The cell
extracting unit 31 extracts a connection 1dentifier including
a VPI/VCI of a cell transmitted from a transmitting terminal
side, adds the extracted connection identifier to the active
V(C table 33, and provides a cell detection signal corre-
sponding to an output channel to the arrived cell number
counter 32, based on the connection identifier.

The arrived cell number counter 32 counts an arrived cell
for each output channel, and increments its value. When the
counter value for each output channel reaches a predeter-
mined value, 1t outputs an observation period termination
notification signal to the allowed transmission rate calcula-
tion controlling unit 35.

The active VC table 33 includes, for example, tables
(tables for respective output channels) corresponding to
output channels #1 through #n as shown 1n FIG. 9. Each of
the tables includes fields to which a connection 1dentifier and
a cell arrival identification flag are respectively registered.
The active VC number counter 34 obtains the number of
active VCs by counting cell arrival idenfification flags 1n
cach of the tables for the output channels #1 through #n in
the active VC table 33, and incrementing its value.

Assuming that an output channel to which an arrived cell
1s transmitted 1s #1, the connection 1dentifier of that cell 1s
written to the table for the output channel #1, and its cell
arrival identification flag 1s set. Then, a counter 1n the arrived
cell number counter 32 corresponding to the output channel
#1 1s incremented. In the meantime, the active VC number
counter 34 counts a cell arrival 1dentification flag for each
output channel, and imncrements its value.

If a cell having the same connection identifier arrives after
that, the arrived cell number counter 32 increments its value.
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However, the cell arrival identification flag corresponding to
that connection 1dentifier was previously set in the table for
the output channel #1 1n the active VC table 33. Therefore,
the table for the output channel #1 1s left unchanged, and the
active VC number counter 34 does not increment 1ts value.

Accordingly, the value of the active VC number counter
34 indicates the number of connections 1n which user cells
have arrived at least once until 1t 1s reset by a reset signal,
that 1s, the number of active connections. It may be con-
trolled that the active VC number counter 34 counts a newly
written connection 1dentifier, increments its value, sets the
cell arrival identification flag 1n the active VC table 33,
which 1ndicates the increment, and counts no more connec-
fion 1denftifiers whose cell arrival idenfification flag has
already set 1n the table.

When receiving an observation period termination noti-
fication signal corresponding to an output channel from the
arrived cell number counter 32, the allowed transmission
rate calculation controlling unit 35 reads the number of
active VCs from the active VC number counter 34 for each
output channel, and transfers an allowed transmission rate
for an output channel to the ER writing unit 23. The allowed
transmission rate calculation controlling unit 35 outputs a
reset signal to the arrived cell number counter 32, active VC
table 33, and the active VC number counter 34, in order to
respectively reset the number of arrived cells, connection
identifier, cell arrival identification flag, and the number of
active V(s.

FIG. 10 1s a flowchart showing a first embodiment of an
allowed transmission rate calculation process performed by
the ABR controlling system according to the present inven-
fion.

As shown 1n this flowchart, the number of active VCs
Nvc(n) in a period during which a predetermined number of
cells arrive, 1s counted for each output channel (step S1).
When the arrived cell number counter 32 detects that the
number of arrived cells reaches the predetermined number
for each output channel, 1t outputs an observation period
termination notification signal to the allowed transmission
rate calculation controlling unit 35. Then, the number of
active VCs Nvc(n) counted and incremented for each output
channel 1s obtained according to the active VC number
counter 34.

Then, an allowed transmission rate Ba(n) is calculated
based on an equation Ba(n)=B(n)/Nvc(n) (step S2). Note
that B(n) indicates a band of each output channel. The
allowed transmission rate Ba(n) is transferred to the ER
writing unit 32 (step S3), and written to the field of the
explicit cell rate ER for forward and backward RM cells.
Here, the value obtained by dividing the band B(n) by the
number of active VCs 1s defined as the allowed transmission
rate Ba(n). If the number of active VCs is large in this case,
the allowed transmission rate Ba(n) becomes lower. As a
result, an occurrence of congestion can be prevented.

FIG. 11 1s a flowchart showing a second embodiment of
the allowed transmission rate calculation process according
to the present invention.

In this embodiment, the number of active VCs Nvc(n) for
cach output channel 1n a predetermined observation period
is counted (step S11). Then, the allowed transmission rate
Ba(n) is calculated by using an arithmetic operation similar
to that performed in the above described step S2 (step S12).
The calculated transmission rate Ba(n) is transferred to the
ER writing unit 32 (step S13). The predetermined A obser-
vation period 1n this case 1s 1mplemented by using the
arrived cell number counter 32 shown 1 FIG. 8 as a timer
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for each output channel, or a common timer, and providing
an observation period termination notification signal to the
allowed transmission rate calculation controlling unit 35 at
predetermined time 1ntervals. With this process, the allowed
transmission rate Ba(n) can be obtained in a similar manner
as 1n the first embodiment.

FIG. 12 1s a schematic diagram showing the second
configuration of the allowed transmission rate calculating

unit 22 shown in FIG. 7.

As shown 1n this figure, the allowed transmission rate
calculating unit 22 comprises a cell extracting unit 41,
arrived cell number counter 42, active VC table 43, active
VC number counter 44, allowed transmission rate calcula-
tion controlling unit (or an explicit rate calculation control-
ling unit) 45, RM cell extracting unit 46, and a total MCR
calculation controlling unit 47.

The cell extracting unit 41 extracts a connection identifier
of a cell transmitted from a transmitting terminal, and the
arrived cell number counter 42 counts that cell for a corre-
sponding output channel and increments 1its value. When the
number of counted cells reaches a predetermined number,
the arrived cell number counter 42 outputs an observation
period termination notification signal to the allowed trans-
mission rate calculation controlling unit 45. The active VC
table 43 determines whether or not the connection i1dentifier
corresponding to the output channel was previously written.
If NO, the connection identifier 1s written, and at the same
time, the cell arrival identification flag 1s set. The active VC
number counter 44 counts a connection 1dentifier whose cell
arrival identifier flag 1s set, and increments its value.

The RM cell extracting unit 46 extracts the connection
identifier and MCR (Minimum Cell Rate) from the arrived
cell, and transmits the extracted i1dentifier and MCR to the
total MCR calculation controlling unit 47. The total MCR
calculation controlling unit 47 references the active VC table
43, and determines whether or not the connection i1dentifier

transmitted from the RM cell extracting unit 46 1s included
in the active VC table 43. If YES, the total MCR calculation

controlling unit 47 adds the value of the MCR. As described
above, a connection at which one or more cells arrive during,
an observation period 1s recognized as being active, and the
minimum cell rate MCR of the active connection 1s added.
In this case, an MCR addition identification flag 1s arranged
in the active VC table 43 in order not to repeatedly add the
MCR value of an identical connection, and the minimum
cell rate MCR, when a corresponding connection 1s estab-
lished for the active VC, 1s output in correspondence with an
output channel.

FIG. 13 shows the structure of the active VC table 43.

The active VC table 43 includes tables for output channels
#1 through #n corresponding to the respective output
channels, as shown 1n this figure. Each of the tables includes
a connection 1dentifier field CI, cell arrival idenfification tlag
field CF, and an MCR addition 1dentification tlag field AF.
After the allowed transmission rate calculation controlling
unit 45 calculates an allowed transmission rate for each
output channel, it resets a corresponding table for an output
channel. Then, 1t writes the connection 1dentifier of the next
arrived cell to the field CI, and sets the cell arrival 1denti-
fication flag 1n a corresponding field CF. Additionally, the
allowed transmission rate calculation controlling unit 45 sets
the MCR addition identification flag in the field AF, 1n order
to indicate that an MCR corresponding to a referenced
connection was previously added if reference 1s made to the
active VC table 43 by the total MCR calculation controlling,
unit 47.
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When receiving the observation period termination noti-
fication signal corresponding to an output channel from the
arrived cell number counter 42, the allowed transmission
rate calculation controlling unit 25 reads the number of
active VCs of that output channel, from the active VC
number counter 44, also reads the total MCR value from the
total MCR calculation controlling unit 47, and calculates an
allowed transmission rate.

If the value obtained by dividing a band of an output
channel by the number of active VCs 1s defined as the
allowed transmission rate Ba(n), the allowed transmission
rate may sometimes be the minmimum cell rate MCR or
lower. Since the minimum cell rate MCR 1s guaranteed for
cach transmitting terminal, there 1s a possibility that a
transmitting terminal transmits cells at the MCR even 1f the
allowed transmission rate 1s lower than the MCR. This leads
to an occurrence of congestion.

Therefore, each MCR of an active VC 1s added 1n
correspondence with an output channel, the total MCR value
1s subtracted from the band of the output channel, and the
resultant value 1s divided by the number of active VCs, as
described above. As a result, a rate which exceeds the MCR
and becomes available 1s obtained, and an MCR for each
active VC 1s added to the rate, so that an allowed transmis-
sion rate 1s obtained. Therefore, the MCR 1s guaranteed for
cach transmitting terminal, and at the same time, an occur-
rence of congestion can be prevented.

FIG. 14 1s a flowchart showing the allowed transmission
rate calculation process performed by the second embodi-
ment of the allowed transmission rate calculating unit. As
shown 1n this figure, an MCR of an RM cell 1s first extracted
(step S21). It is then determined whether or not a corre-
sponding VC 1s included 1n the active VC table, and refer-
enced (step S22). That is, the MCR and connection identifier
of the extracted RM cell are extracted by the RM cell
extracting unit 46, and provided to the total MCR calculation
controlling unit 47. The total MCR calculation controlling
unit 47 references the active VC table 43 based on the
connection identifier of the RM cell, and determines whether
or not that connection 1dentifier 1s included in the active VC
table 43. If YES, 1t 1s then determined whether or not it was
referenced, that 1s, whether or not the MCR addition 1den-
fification flag 1s set.

If it 1s determined that the connection identifier is
included 1n the active VC table 43, and 1t was not referenced,
the MCR of the connection 1s added in correspondence with
an output channel. That 1s, the addition XMCR=>XMCR+
MCR is made (step S23). If the connection identifier 1s not
included 1n the active VC table 43, the MCR 1s not added.
This 1s because that connection 1s not an active VC. If 1t 18
determined that the connection identifier 1s included and was
referenced, the MCR of that active VC has been previously
added. Therefore, no further addition 1s made.

Simultaneously with the above described process, also the
number of active VCs Nvc(n) in a period during which a
predetermined number of cells arrive, is obtained (step S24).
That 1s, when the number of arrived cells counted by the
arrived cell number counter 42 for each output channel
reaches a predetermined number, an observation period
termination notification signal 1s provided to the allowed
fransmission rate calculation controlling unit 45. The
allowed transmission rate calculation controlling unit 435
reads not only the number of active VCs corresponding to an
output channel from the active VC number counter 44, but
also the total MCR value corresponding to the output
channel from the total MCR calculation controlling unit 47.
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Then, the allowed transmission rate Ba(n) is calculated
based on Ba(n)=MCR+ (B(n)-ZMCR)/Nvc(n))] (step S25),
and transferred to the ER writing unit. Note that the MCR 1s
the minimum cell rate declared when a connection 1is
established, and B(n) 1s a band of an output channel. With
the above described process, an allowed transmission rate
which can ensure the MCR for a transmitting terminal
corresponding to an active VC, can be instructed.

FIG. 15 1s a flowchart showing the second allowed
transmission rate calculation process performed by the sec-
ond embodiment of the allowed transmission rate calculat-
Ing unit.

According to the flowchart shown in FIG. 14, the number
of active VCs Nvc(n) in a period during which a predeter-
mined number of cells arrive, 1s obtained 1n step S24. The
only difference between the processes respectively shown in
FIGS. 14 and 15 is that the number of active VCs Nvc(n) in
a predetermined observation period i1s obtained 1n step S34
of FIG. 15, corresponding to step S24 of FIG. 14. The other
steps S31 through S33 and S35 perform the same operations
as those performed 1n steps S21 through 523 and S25. The
predetermined observation period in step S34 1s measured
by arranging and using a timer corresponding to an output
channel or a timer common to respective channels, instead
of the arrived cell number counter 42 shown 1n FIG. 12, and
notified to the allowed transmission rate calculation control-
ling unit 45.

FIG. 16 1s a schematic diagram showing the second
embodiment of the ABR controlling system according to the
present invention. As shown in this figure, this ABR con-
trolling system comprises a shared buffer memory 51,
allowed transmission rate calculating unit 52, ER writing
unit 53, congestion detection controlling unit 54, address
management FIFO buffer memories 35-1 through 355-n
which correspond to respective output channels, and con-
oestion detecting units 56-1 through 56-n which correspond
to the respective output channels.

User and RM cells from a transmitting terminal side are
temporarily stored in the shared builfer memory 51 via the
allowed transmission rate calculating unit 52, and each of
the cells 1s output to an output channel corresponding to a
VPI/VCI of its header. The addresses of the cells stored in
the shared bufler memory 51 are managed by any of the
address management FIFO buffer memories 55-1 through
55-n corresponding to an output channel identified by a
VPI/VCI of an arrived cell. Each of the congestion detecting
units 56-1 through 56-n detects congestion of a correspond-
ing channel.

The structures of the address management FIFO buffer
memories 35-1 through 55-n and the shared buffer memory
51 are not shown 1n the figure. An address to which a cell
arrived 1n the shared buifer memory 31, is stored 1n any of
the address management FIFO buffer memories 55-1
through 355-n, which corresponds to an output channel
identified by a VPI/VCI of the arrived cell. In this case, a
plurality of address management threshold values THI1
through THm are set 1n each of the address management

FIFO buffer memories 55-1 through 55-n.

If the number of addresses of cells in the shared builer
memory 51, which are stored 1n an address management
FIFO buffer memory corresponding to a certain output
channel, exceeds a predetermined address management
threshold value THm, it 1s determined that congestion occurs
in that output channel. Then, the congestion detection signal
1s provided to the congestion detection controlling unit 54.
The congestion detection controlling unit 54 outputs the
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information about which address management threshold
value the number of addresses stored 1n the address man-
agement FIFO buffer memory corresponding to the output
channel exceeds, to the ER writing unit 53 as a congestion
notification signal.

The allowed transmission rate calculating unit 52 behaves
in a similar manner as the above described allowed trans-
mission rate calculating unit 22 shown 1n FIG. 7. That 1s, 1t
calculates an allowed transmission rate corresponding to a
connection, and outputs the calculated rate to the ER writing
unit 53. If there 1s no congestion notification signal from the
congestion detection controlling unit 54 at this time, the
allowed transmission rate 1s written to explicit cell rate ER
fields of forward and backward RM cells in the connection,
and the cells are transmitted.

FIG. 17 1s a schematic diagram explaining the address

management FIFO buffer memory 55 (address management
FIFO buffer memories 55-1 through 55-n).

g

The address management FIFO buffer memory 55 stores
addresses of cells 1n the shared buffer memory 51 as a queue
for reading the cells from the shared bufler memory 51. The
address management threshold values TH1 through THm
are set according to a queue length. The address manage-
ment FIFO buffer memory 55 transmits the information
about which address management threshold value a queue
length corresponding to the number of stored addresses
exceeds, to the conges‘[ion detection controlling unit 54
(refer to FIG. 16) via the congestion detecting units 56-1
through 56-n. If the queue length exceeds a particular
threshold value THm, the congestion detecting units 56-1
through 56-n transmit a congestion detection signal to the
congestion detection controlling unit 54.

Additionally, decreasing coetficients ¢l through am, with
which the allowed transmission rate Ba 1s multiplied, are set
on the condition that the number of stored addresses exceeds
cach of the threshold values TH1 through THm, for the
address management FIFO butfer memory 55. The decreas-
ing coellicients al through am are set in correspondence
with the respective address management threshold values
TH1 through THm. If the number of stored address exceeds
any of the address management threshold values THI1
through THm, any of the decreasing coeflicients al through
am, which corresponds to that value, 1s output. The ER
writing unit 33 (refer to FIG. 16) multiplies the allowed
transmission rate Ba output from the allowed transmission
rate calculating unit 52, by any of the decreasing coeflicients
al through am (1<al<a2< . .. <oam) input via the con-
gestion detection controlling unit 54, and writes the resultant
value to the ER fields of forward and backward RM cells as
the allowed transmission rate. With the above described
process, the allowed transmission rate written to the ER
fields of the RM cells can be lowered to a rate which
prevents an occurrence of congestion.

FIG. 16 shows the case in which 1dentical address man-
agement threshold values TH1 through THm are set in each
of the address management FIFO buffer memories 55-1
through 55-m. However, different address management
threshold values may be set for respective output channels
d ependmg on their characteristics. Additionally, the decreas-
ing coetficients .1 through a corresponding to the respec-
five address management threshold values TH1 through
THm may be set to different values. Furthermore, address
management threshold values may be set for the number of
cells stored in the shared buffer memory 51, 1n a similar
manner as 1n the address management FIFO buflfer memo-

ries.
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Still further, respective address management threshold
values may be set for the shared buifer memory 51 and the
address management FIFO buffer memories 55-1 through
55-m. Depending on whether or not the number of stored
addresses exceeds the respective address management
threshold values, an allowed transmission rate calculated by
the allowed transmission rate calculating unit 52 may be
multiplied by the decreasing coeflicients al through om,
thereby lowering the allowed transmission rate to prevent an
occurrence ol congestion.

In the meantime, the allowed transmission rate calculating
unit 52 may employ either a method which sets a period
during which a predetermined number of cells arrive, as an
observation period for calculating an allowed transmaission
rate, or a method which sets a predetermined period as the
observation period. Additionally, the allowed transmaission
rate may be calculated in consideration of the minimum cell

rate MCR.

FIG. 18 1s a schematic diagram explaining the ER writing
unit 53.

As shown 1n this figure, the ER writing unit 53 comprises
an ER write controlling unit 61, ER calculating unit 62, and
an ER change parameter table 63. The ER change parameter
table 63 includes, for example, the address management
threshold values TH1 through THm as shown in figure FIG.
19. It also includes the decreasing coeflicients a1 through
om (1>al>a2 . . . am>0) in correspondence with the
address management threshold values TH1 through THm.

When the allowed transmission rate 1s transmitted from
the allowed transmission rate calculating unit 52 to the ER
write controlling unit 61, and a congestion notification
signal 1s transmitted from the congestion detection control-
ling unit 54, the ER calculating unit 62 reads a correspond-
ing decreasing coefficient from the ER change parameter
table 63 based on an address management threshold value
included 1n the congestion notification signal, and multiplies
the allowed transmission rate transmitted from the a

lowed
transmission rate calculating unit 52 by the read decreasing
coefficient, 1n order to obtain the allowed transmission rate.
Then, the allowed transmission rate so obtained 1s written to

the ER fields of forward and backward RM cells, and these
cells are transmitted.

The ER change parameter table 63 may be arranged 1n
common to respective output channels. In this case, the ER
change parameter table 63 includes tables corresponding to
the respective output channels. Each of the tables may store
a different decreasing coelli Otherwise, different

icient.
address management threshold values TH1 through THm
may be set for the respective output channels, as described

above.

Each of the processing capabilities 1n each of the units
according to the above described embodiments can be
implemented by a processor, etc., or by dedicated hardware.
Additionally, 1t may be applied to an ABR communication
performed 1n an ATM network service 1n which the ABR
service and another CBR (Constant Bit Rate) service, etc.
are mixed. The embodiments of the present invention are not
limited to those described above. A variety of capabilities
and elements may be added or changed.

FIG. 20 1s a schematic diagram showing the basic con-
figuration of an ATM switching system according to the
present 1nvention.

The present invention assumes a feedback control system
for implementing an ABR service which varies a transmis-
sion rate of cells from a transmitting terminal 109, etc., by
feeding back a congested state mn a cell switch which
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self-switches a fixed-length cell according to 1its attached
routing mformation, to the transmitting terminal 109 using
a resource management RM cell.

A congestion detecting unit 102 (congestion detecting

unit 303 shown in FIG. 22) 1s arranged 1n a switching unit
101 (switching unit 201 shown in FIG. 21) 1n a cell switch,
and detects its mternal congested state.

A congestion 1ndication information setting unit 103
(internal congestion setting unit 304) 1s also arranged in the
switching unit 101 1n the cell switch, and sets congestion
indication information for indicating a congested state of a
user data cell passing through the switching unit 101 in that
cell, depending on the congested state detected by the
congestion detecting unit 102. More specifically, the con-
ogestion 1ndication information setting unit 103 sets the
congestion 1indication information, for example, as an
explicit forward congestion indication bit 1n the payload
type field in the header of the user data cell.

A rate calculating unit 104 (rate calculating unit 206) is
arranged for a low-speed transmission channel whose trans-
mission rate 1s lower than that of the transmission channel of
the switching unit 101 m the cell switch, such as a demul-
tiplexer 108 (demultiplexer 205). It 1s intended to calculate
an explicit rate (allowed transmission rate Ba(n)) for desig-
nating a transmission rate for the transmitting terminal 109.
More specifically, the rate calculating unit 104 counts the
number of active virtual connections in which a cell trans-
mitted on the low-speed transmission channel, and whose
fransmission rate may be changed at the transmitting termi-
nal 109, for each output channel (each subscriber line),
divides the transmission rate set for each output channel by
the number of active virtual connections for each output
channel, and calculates an explicit rate based on the result of
the division.

A rate changing unit 105 i1s arranged 1n a low-speed
transmission channel 1dentical to or different from the low-
speed channel, for example, 1n a downward channel direct-
ing from the demultiplexer 108 to a subscriber line process-
ing device 106 (subscriber line processing device 203). It is
intended to detect a setting ratio of congestion indication
information for a user data cell transmitted on the low-speed
transmission channel, change the explicit rate ER calculated
by the rate calculating unit 104 based on the setting ratio,
and assign the changed explicit rate ER to a resource
management cell (RM cell) which is transmitted on the
low-speed transmission channel and fed back to the trans-
mitted terminal 109. More speciiically, the rate changing
unit 105 makes a comparison between, for example, the
setting ratio of the detected congestion indication
information, and a predetermined threshold value such as a
plurality of threshold values set depending on an increase/
decrease of the rate, and changes the explicit rate calculated
by the rate calculating unit 104 based on the result of the
comparison. More specifically, the rate changing unit 105
changes the explicit rate ER calculated by the rate calculat-
ing unit 104, for example, by dividing the explicit rate ER
that the rate calculating unit 104 calculates by a divisor
determined based on the result of the comparison. In these
cases, the rate changing unit 105 detects the setting ratio
(rate) as the number of arrived user data cells, in each of
which the congestion indication information 1n each obser-
vation period repeated at predetermined time intervals 1s set.
Otherwise, the rate changing unit 105 detects the setting
ratio as an arrival interval of user data cells, 1n each of which
the congestion 1indication information 1s set. The rate chang-
ing unit 105 may smooth the setting ratio of the detected
congestion 1ndication information based on the setting ratio

10

15

20

25

30

35

40

45

50

55

60

65

26

detected before and/or after the detection of the information,
make a comparison between the smoothed setting ratio and
a predetermined threshold value, and change the explicit rate
ER that the rate calculating unit 104 calculates based on the
result of the comparison. The smoothing operation in this
case 1s executed, for example, based on the following
equation.

C(n)=p-Now(n)+(1-p)-C(n-1)

C(n) 1s a setting ratio after a current smoothing operation;

B is a weight (0<f=1);

Now(n) i1s an unsmoothed setting ratio which is currently

detected; and

C(n-1) is a setting ratio after a previous smoothing

operation.

Note that the rate changing unit 105 may change the
explicit rate that the rate calculating unit 104 calculates at a
predetermined ratio, when a user data cell in which the
congestion 1ndication information 1s set, arrives 1n each
observation period repeated at predetermined time intervals.

According to the present invention, only the capability for
setting the congestion indication information in a user data
cell, 1s arranged 1n the switching unit 101; the capability for
calculating the explicit rate, which requires a considerable
amount of time, 1s arranged on a low-speed transmission
channel 1n which the switch speed of cells 1s relatively low;
and the explicit rate ER calculated on the low-speed trans-
mission channel 1s changed based on the setting state of the
congestion indication information for a user data cell. In this
way, the restrictions on the hardware configuration can be
released, and a congested state of the switch 101 can
properly be reflected on the explicit rate ER set in a resource
management cell.

In the above described configuration of the present
invention, the rate calculating unit 104 may set the calcu-
lated explicit rate ER 1n a resource management cell which
1s transmitted on a low-speed transmission channel, and fed
back to the transmitting terminal 109; the rate changing unit
105 may extract the resource management cell with the
explicit rate that the rate calculating unit 104 calculates,
from the low-speed transmission channel, change the
explicit rate set in the resource management cell based on
the setting ratio, and reset the changed explicit rate 1n the
extracted resource management cell, and then retransmit the
resource management cell to the low-speed transmission
channel.

With this configuration, the rate calculating unit 104 can
ciiciently notify the explicit rate to the rate changing unit
105.

Additionally, the rate changing umit 105 smooths the
setting ratio of the detected congestion 1ndication informa-
tion based on the detected setting ratio, and changes the
explicit rate ER based on the smoothed setting ratio, so that
a traffic in a network can be prevented from becoming
unstable due to an extreme change of the explicit rate.

FIG. 21 1s a schematic diagram showing a first embodi-
ment of an ATM switching system according to the present
invention.

In this system, a subscriber line processing device 203
terminates a low-speed line to which a subscriber terminal
(ABR terminal of a subscriber) 202 is connected, and
performs a UPC (Usage Parameter Control) of a rate of flow
of cells flowing from the subscriber terminal 202, an
accounting process, etc.

A multiplexer 204 multiplexes low-speed lines, at each of
which the subscriber line processing device 203 terminates,
and connects the multiplexed lines to a high-speed internal
input link.
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A switching unit 201 1s configured by connecting a
plurality of self-routing modules (SRMs), each of which
switches a high-speed mput link to several high-speed
output links for each cell. The switching unit 201, which
particularly relates to the present invention as will be
described later, comprises a capability for setting an EFCI
bit in a header of a user data cell depending on an internal
congested state.

A demultiplexer 205 demultiplexes the high-speed inter-
nal output link connected to the output side of the switching
unit 201, mto low-speed subscriber lines.

A rate calculating unit 206, which particularly relates to
the present invention, 1s connected to the demultiplexer 205
to calculate the allowed transmission rate Ba(n) which is the
basic rate for calculating the explicit rate ER.

Also a rate changing unit 207 particularly relates to the
present 1nvention, and 1s arranged in a backward channel
directed from the demultiplexer 205 to the subscriber line
processing device 203. It calculates the explicit rate ER
based on both the allowed transmission rate Ba(n) calculated
by the rate calculating unit 206, and the number of times that
the switching unit 201 sets the EFCI bit 1n a user data cell
passing along that channel, and writes the calculated explicit
rate ER to an RM cell.

To accommodate a subscriber terminal which uses a
service requiring feedback control such as an ABR service
in an ATM network, an ATM switch 1tself requires the
capability for calculating/setting the explicit rate ER set 1n
an RM cell 1n order to control the subscriber terminal, as
described above. However, the explicit rate ER must be
calculated/set in the order of microseconds. Accordingly, the
calculation/setting of the rate cannot be made within such a
narrow time frame, in a unit 1n which cells are quickly
switched (such as a switching unit) due to hardware restric-
tions. Theretfore, such a capability cannot be implemented.

Accordingly, the capability for calculating/setting the
explicit rate ER 1s arranged 1n the demultiplexer 205 which
switches cells at a relatively low speed, 1n the system shown
in FIG. 21. In the demultiplexer 205, the cell switching
speed is relatively low and its output channel (channel on an
output side) is restricted. Therefore, the capability for
calculating/setting the explicit rate ER 1s easy to implement.
With this configuration, however, while congestion occur-
ring 1n the demultiplexer 205 can be suppressed to some
extent using the capability for calculating/setting the explicit
rate ER, congestion occurring the switching unit 201 cannot
be suppressed.

To overcome this problem, a capability for setting an
EFCI bit in a header of a user data cell depending on an
internal congested state, 1s arranged 1n the switching unit
201 of the system shown in FIG. 21. Additionally, a rate
changing unit 207, to be described later, 1s arranged in a
backward (downward) channel directed from the demulti-
plexer 205 to the subscriber line processing device 203. The
rate changing unit 207 measures the setting ratio of the EFCI
bit for a user data cell passing along the backward channel,
calculates the explicit rate ER based on the result of the
measurement and the allowed transmission rate Ba(n) cal-
culated by a rate calculating unit 206, which will be
described later, and writes this rate to an RM cell passing
along the backward channel. With such a configuration, an
occurrence of congestion 1n the switching unit 201 can be
suppressed.

FIG. 22 1s a schematic diagram showing the structure of
an SRM configuring the switching unit 201. Also the sys-
tems shown 1n FIGS. 7 and 16 may be implemented by the
SRM configuring the switching unit 201.
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A shared buifer memory 301 temporarily stores cells

respectively input from “n” input channels (internal input

links).

44 }E

address management buflfers 302 are arranged for
respective “n” output channels (or internal output links). If
one or more cells to be output to each channel are stored in
the shared butfer memory 301, their addresses are stored in
one of the address management buffers 302. The cells stored
at the addresses in the shared buffer memory 301, which
correspond to the addresses stored 1n the address manage-
ment buifer 302 1n correspondence with an output channel,
are sequentially read out, and output to the output channel.
After the cells are read out, the corresponding addresses in
the address management buifer 302 are deleted.

A congestion detecting unit 303 makes a comparison
between the number of addresses stored in the address
management buffer 302, corresponding to an output channel
and a predetermined threshold value, for each output chan-
nel. With this operation, congestion 1n each output channel
1s detected. Here, the number of addresses stored 1n each of
the address management buifers 302 indicates that cells, the
number of which 1s equal to each of the number of the stored
addresses, remain in the shared buffer memory 301 for an
output channel corresponding to the address management
buffer 302. Accordingly, a congested state of each output
channel can be detected by monitoring the number of
addresses. The congestion detecting unit 303 then notifies
existence/non-existence of congestion to an mternal conges-
tion setting unit 304.

When a cell to be output to an output channel 1s read from
the shared buffer memory 301, the internal congestion
setting unit 304 sets the EFCI bit 1n a header of a user data
cell, when the user data cell to be output to the output
channel 1n which congestion occurs 1s read from the shared
buffer memory 301, based on a nofification from the con-
gestion detecting unit 303.

FIG. 23 1s a schematic diagram showing the typical data
format of a cell. (a) in FIG. 23 shows the format of a UNI
(User Network Interface) which is an interface of a sub-
scriber line, while (b) in FIG. 23 shows the format of an NNI
(Network Node Interface) which is an interface of an inter-
office relay line. As shown i1n FIG. 23, a cell includes a
header and a payload. Communication data (user data or
each type of control data) are stored in an information field
which 1s a payload. In the header, a general flow control field
GFC i1s used to control a conflict of cells in a LAN (Local
Area Network), etc. A virtual path identifier VPI is address
information for 1identifying a virtual path VP of a cell, while
a virtual channel 1dentifier VCI 1s address information for
identifying a virtual channel VC of the cell. A cell loss
priority CLP field i1s used to control a priority of a cell
transfer. A header error control field HEC 1s an error check
code for detecting/correcting a data error in the header. A
payload type field PT particularly relates to the present
invention, and stores mnformation indicating a cell type and
an EFCI bit. The length of the payload type field PT 1s 3 bits.
In a user data cell, the value “0” 1s assigned to the third bat
(leftmost bit) of the payload type field PT. Additionally, the
second bit (central bit) of the payload type field PT serves as
the EFCI bit 1n the user data cell. If the value of the EFCI
bit 1s “07, 1t 1ndicates that congestion does not occur 1n the
user data cell. If the value of the EFCI bit 1s “1”, 1t indicates
that congestion occurs 1n the user data cell.

The 1nternal congestion setting unit 304 shown in FIG. 22
assigns the value “1” indicating an occurrence of congestion
to the EFCI bit 1n the user data cell, when a user data cell of
an output channel whose occurrence of congestion 1s noti-
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fied by the congestion detecting unit 303, 1s read out. In the
meantime, 3-bit data “110” 1s assigned to the payload type
field PT of an RM cell to be described later.

In the switching unit 201, an overhead of several octets,
which stores a self-routing tag, 1s added to the beginning of
cach cell. Also the values of VPI and VCI are converted, but
the 3-bit data assigned to the payload type field PT 1is
transmitted as 1t 1s.

FIG. 24 1s a schematic diagram showing the structure of
the demultiplexer 205. The fundamental structure of the
demultiplexer 205 1s similar to that of the SRM configuring
the switching unit 201 shown 1 FIG. 21.

A shared buffer memory 401 temporarily stores cells input
from one output channel of the switching unit 201.

“m” address management buffers 402 are arranged for
respective “m” subscriber lines (respective “m” subscriber
line processing devices 203). Each of the address manage-
ment buifers 402 stores one or more addresses storing one or
more cells to be output to each subscriber line, 1n the shared
buffer memory 401. The cells stored at the addresses in the
shared buffer memory 401, which correspond to the
addresses stored 1n any of the address management builers
402 corresponding to each subscriber line, are sequentially
read out, and output to each subscriber line. When the cells
are read out, the corresponding addresses in the address
management buffer 402 are deleted.

The congestion detecting unit 403 detects existence/non-
existence of congestion (or congestion level) of each sub-
scriber line, by making a comparison between the number of
addresses stored 1n each of the address management buifers
402 corresponding to each subscriber line, and a predeter-
mined threshold value (or a plurality of threshold values),
for each subscriber line. Here, the number of addresses
stored 1n each of the address management buflers 402
indicates that cells, the number of which 1s equal to the
number of addresses, remain 1n the shared buffer memory
401, for a subscriber line corresponding to the address
management buifer 402. Accordingly, the congested state of
cach subscriber line can be detected by monitoring each of
the numbers of addresses. The congestion detecting unit 403
then notifies the existence/non-existence of congestion (or
congestion level) to the ER writing unit 404, for each
subscriber line.

The rate calculating unit 206 (also refer to FIG. 21) counts
the number of active virtual connections (VCs) for each
subscriber line, and calculates the allowed transmission rate
Ba(n) which is a transmission rate equally assigned to each
VC as a result of dividing the transmission rate of each
subscriber line by each number of active VCs. The rate
calculating unit 206 notifies the allowed transmission rate
Ba(n) for each subscriber line of the ER writing unit 404 and
the rate changing unit 207 (refer to FIG. 21) to be described
later.

FIG. 25 1s a schematic diagram showing the structure of
the rate calculating unit 206.

An active VC number observation controlling unit 501
comprises a counter for counting ABR cells (user data cells
in each of which information identifying the all as an ABR
service cell 1s set), whose number 1s predetermined. It stores
a connection 1dentifier attached to an ABR cell 1in an active
VC (virtual connection) table 502 corresponding to each
subscriber line, by identifying the connection identifier
attached to the ABR cell and a subscriber line on an output
side upon arrival of the ABR cell, and sets a cell arrival
identification flag indicating that the ABR cell arrives during
a current observation period, for the virtual connection
corresponding to the connection 1dentifier. At the same time,
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the active VC number observation controlling unit 501
increments an active VC number storing counter 503 which
1s intended to count the number of active VCs for each
subscriber line, and corresponds to each subscriber line. If
an ABR cell having the same connection 1dentifier as that 1n
which a cell arrival 1dentification flag 1s set, stored in the
active VC table 502 for each subscriber line, arrives within
the same observation period, the active VC number obser-
vation controlling unit 501 does not increment the active VC
number storing counter 503 for each subscriber line.

When each observation period terminates, the value of the
active VC number storing counter 503 for each subscriber
line, that 1s, the number of active VCs for each subscriber
line, 1s nofified to an allowed transmission rate calculating
unit 504, and at the same time, the contents of the active VC
table 502 and the active VC number storing counter 503 are
cleared. An observation period 1s repeatedly and sequen-
fially set at predetermined time intervals, by using a timer,
not shown 1n this figure.

The allowed transmission rate calculating unit 504 cal-
culates the allowed transmission rate Ba(n) which is a
transmission rate equally assigned to each VC, as a result of
dividing a transmission rate of each subscriber line
(normally the same rate) by the value of the active VC
number storing counter 503, for each subscriber line. The
rate calculating unit 206 notifies the allowed transmission
rate Ba(n) of each subscriber line, to the ER writing unit 404

and the rate changing unit 207, to be described later (refer
to FIGS. 21 and 27).

In FIG. 24, the allowed transmission rate Ba(n) of each
subscriber line notified from the rate calculating unit 206 1s
assigned to the ER field (described later in FIG. 26) of an
RM cell, when the RM cell of each subscriber line 1s read
from the shared buffer memory 401. Otherwise, the ER
writing unit 404 may change the allowed transmission rate
Ba(n) based on existence/non-existence of congestion (or a
congestion level) of each subscriber line, which is notified
from the congestion detecting unit 403, and assign this rate
to the RM cell, without assigning the unchanged notified
allowed transmission rate Ba(n). The congested state of the
demultiplexer 205 1s reflected on the changed allowed
transmission rate Ba(n), in this case. In this way, an RM cell
of each subscriber line, to which the allowed transmission
rate Ba(n) is assigned, is transferred to each rate changing
unmit 207, which 1s arranged in each backward channel
directed from the demultiplexer 205 to each subscriber line
processing device 203. Then, the explicit rate ER on which
the congested state of the switching unit 201 1s reflected, 1s
assigned to that RM cell.

FIG. 26 1s the data format of an RM cell.

In the RM cell, 3-bit data “110” 1s assigned to the payload
type field PT (refer to FIG. 23) in its header. If the RM cell
1s an RM cell for use 1 a virtual path connection ABR
service, the value “6” 1s assigned to the VCI field of its
header.

Next, the value “1” corresponding to the ABR service, 1s
assigned as an RM protocol ID at the sixth octet of the
payload.

The seventh octet of the RM cell 1s called a message type
field 1n which the following bit information are set.

DIR: Direction indication bait.
Forward direction=0
Backward direction=1

BN: BECN cell indication bit. This bit 1s set to “1” 1f a
switching unit or a receiving terminal generates a
backward RM cell. With this manipulation, a distinc-
tion between a forward RM cell generated by a trans-
mitting terminal and a backward RM cell, can be made.
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CI: Congestion mdication bit.

CI=1 (indicating congestion)

CI=0 (indicating non-congestion)

The allowed transmission rate ACR of a transmitting
terminal 1s requested to be lowered 1f this bit 1s “17.

NI: No increase bit. This bit 1s set 1n order not to raise the
allowed cell rate ACR of a transmitting terminal.
Unlike the CI bit, this bit does not request to lower the
allowed cell rate ACR. Normally, the transmitting
terminal transmits an RM cell whose NI 1s set to “0”.

RA: Request/Acknowledge bit. This bit 1s not used 1n the
ABR service stipulated by the ATM Forum.

The explicit rate ER 1s assigned to the 8th and 9th octets
of an RM cell. This ER field particularly relates to the
present invention.

Since the fields from the 10th till 51st octets of the RM
cell do not particularly relate to the present invention, their
detailed explanations are omitted here.

A CRC-10 code assigned to the 52nd and 53rd octets 1s
intended for detecting/correcting a data error.

FIG. 27 1s a schematic diagram showing the configuration
of the rate changing unit 207 arranged in each backward
channel directing from the demultiplexer 205 to each sub-
scriber line processing device 203.

An EFCI bit calculating unit 601 detects a cell whose
EFCI bit 1s set to “1” among cells transmitted from the
demultiplexer 205 to the subscriber line processing device
203, and increments the number of cells Now(n) indicating
the degree of congestion each time that cell 1s detected. At
this time, each observation period 1s set by a timer 602.

The number of cells Now(n) indicating the degree of
congestion, which 1s obtained for each observation period, 1s
notified to a congestion degree calculating unit 603. The
congestion degree calculating unit 603 smooths the degree
of congestion using the number of cells Now(n) indicating
the degree of notified congestion, and three values 3, C(n),
and C(n-1), based on the following equation.

C(n)=p-Now(n)+(1-p)-C(n-1)

where [ 1s a weight whose range is 0<f=1, C(n) 1s a
parameter indicating the degree of congestion to be calcu-
lated in a current observation period, and C(n-1) is a
parameter indicating the degree of congestion calculated in
a previous observation period. Such a smoothing operation
prevents a traffic of a network from becoming unstable due
to an extreme change i1n the explicit rate ER.

The ER changing unit 604 makes a comparison between
the degree of congestion C(n) in the current observation
period, which 1s calculated based on the above described
equation, and a predetermined threshold value. It then
calculates a divisor value for calculating the explicit rate ER
from the allowed transmission rate Ba(n), which is notified
by an RM cell from the above described rate calculating unit
206, based on the result of the comparison.

The ER writing unit 603 calculates the explicit rate ER by
dividing the allowed transmission rate Ba(n) assigned to the
ER field of the RM cell by the divisor value notified from the
ER changing unit 604, when the RM cell 1s transferred from
the demultiplexer 205. It then assigns the calculated explicit
rate ER to the ER field of that RM cell, and transmits the RM
cell to the subscriber line processing device 203.

In response to such a process performed on the ATM
switch side, the subscriber terminal 202 on a transmitting
side (refer to FIG. 21) extracts the explicit rate ER from the
RM cell, recalculates the allowed cell rate ACR based on the
explicit rate ER, and makes a communication at a rate equal
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to or lower than the ACR. In this way, an occurrence of
congestion can be prevented in the switching unit 201 and
the demultiplexer 205.

FIG. 28 exemplifies a relationship between the degree of
congestion C(n) in a current observation period, and a
predetermined threshold value, between which the ER
changing unit 604 makes a comparison, and a relationship
between the degree of congestion C(n), the predetermined
threshold value, and the dividing process performed 1n the
ER writing unit 605.

In this figure, the horizontal axis indicates time, while the
vertical axis indicates the value of the degree of congestion
C(n). As shown in this figure, C(n) becomes larger as time
clapses 1n the first half of the relationship curve. This
phenomenon 1ndicates that congestion 1s occurring 1n the
switching unit 201. In the example shown in this figure, S(1)
and S(2) are set as threshold values for starting a change of
the explicit rate ER, and E(1) and E(2) are set as threshold
values for cancelling the change of the ER.

The ER changing unit 604 sets the divisor value “1” while
C(n) does not exceed the threshold value (1) (in a period A).
In this case, congestion does not occur 1n the switching unit
201. Accordingly, the ER writing unit 605 assigns the
allowed transmission rate Ba(n) as the explicit rate ER as it
1S.

[f C(n) exceeds a threshold value S(1) (period B), the ER
changing unit 604 scts a divisor value 2. The switching unit
201 becomes lightly congested 1n this case. The ER writing
unit 605 sets a value obtained by dividing the allowed
transmission rate Ba(n) by the value (2), as the explicit rate
ER.

If C(n) exceeds also the threshold value S(2) (period C),
The ER changing unit 604 sets a divisor value “4”. In this
case, the switching unmit 201 becomes heavily congested.
Then, the ER writing unit 605 sets the value obtained by
dividing the allowed transmission rate Ba(n) by the value
“4”  as the explicit rate ER.

[f C(n) becomes smaller than the threshold value E(2)
(period C—B), the ER changing unit 604 changes the
devisor value “4” to the value “2”. Additionally, the ER
changing unit 604 changes the divisor value “2” to “17 1t
C(n) becomes smaller than the threshold value E(1) (period
B—A).

In this way, the congested state of the switching unit 201
1s properly reflected on the explicit rate ER to be set in an
RM cell.

In the above described embodiment, the explicit rate ER
is calculated by dividing the allowed transmission rate Ba(n)
by a predetermined divisor value. The present invention,
however, 1s not limited to this embodiment. A ratio of cells
whose EFCI bit 1s set to the value “1” among cells trans-
ferred from the demultiplexer 205 to the subscriber line
processing device 203, may be detected to change the
allowed transmission rate Ba(n) based on the ratio, accord-
ing to a predetermined rule.

Additionally, not the number of cells whose EFCI bit 1s
set to “1” 1n each predetermined observation period, but an
arrival interval of cells whose EFCI bit 1s set to “1”, may be
measured to perform the above described control based on
the result of the measurement.

In the above described embodiment, the allowed trans-
mission rate Ba(n) calculated by the rate calculating unit 206
1s once set m an RM cell in a network, the RM cell i1s
extracted by the rate changing unit 207, the explicit rate ER
assigned to the RM cell 1s changed, and the changed ER 1s
reassigned to the RM cell. With this configuration, the
explicit rate can be efficiently notified from the rate calcu-
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lating unit 206 to the rate changing unit 207. Otherwise, the
allowed transmission rate Ba(n) may be notified from the
rate calculating unit 206 to the rate changing unit 207 via a
dedicated control line.

The method for calculating the allowed transmission rate
Ba(n) performed in the rate calculating unit 206 is not
limited to the above described method.

FIG. 29 1s a schematic diagram showing the change of the
explicit rate ER 1n the case that congestion occurs 1n each
SRM 1n the switching unit 201 shown in FIG. 21.

If congestion occurs 1n a first SRM 1n the switching unit
201 when a cell whose ER 1s set to 150 M bits/s passes
through the switching unit 201, the EFCI bit of that cell 1s
set to “1” 1n order to notily the congestion, as shown 1n this
figure. If the ER changing unit 604 scts a divisor value, for
example, as “2”, for this congestion according to the above
described method, the ER writing unit 6035 assigns the value
obtained by dividing the explicit rate ER by 2, that 1s, 75 M
bits/s, to the cell as a new ER.

As a result, it 1s nofified to a transmitting terminal of this
cell that the allowed transmission rate for a communication
route for the above described cell 1s 75 M bats/s.

If congestion occurs 1n another SRM 1n the communica-
tion route of the above described cell (a the 2nd congestion
occurs), the ER is again set to one half of the allowed
fransmission rate, that 1s, 37.5 M bits/s according to the
method similar to that described above. If congestion occurs
in a further SRM (a 3rd congestion occurs), the ER is set to
one half of 37.5 M bait/s, that 1s, 18.75 M bits/s.

FIG. 30 1s a schematic diagram showing the second
coniiguration of the ATM switching system according to the
present invention. This figure shows the configuration of the
system 1n which a rate calculating unit 1s arranged for each
of the SRMs 1n the switching unit 201 shown 1n FIG. 21. The
portions having the same capabilities as those shown in FIG.
21 are denoted by the same reference numerals, and their
explanations are omitted here.

The switching unit 201' in the ATM switching system
comprises a plurality of SRMs 1n a similar manner as in the
switching unit shown 1n FIG. 21. The rate calculating unit
shown 1n FIG. 25 1s arranged for each of the SRMs. Each of
the rate calculating units 206 calculates the allowed trans-
mission rate Ba(n) based on a congested state in a corre-
sponding SRM, according to the above described method.
The calculated allowed transmission rate Ba(n) is transmit-
ted to the ER writing unit 404, which may be arranged for
cach of the SRMs 1n order to correspond to the rate calcu-
lating unit 206 of each of the SRMs. Furthermore, the rate
changing unit 207 shown in FIG. 21 may be arranged for
cach of the SRMs. For example, a new ER value 1s assigned
to the ER field of a cell each time the cell passes through an
SRM, as shown 1n FIG. 31, 1n this case.

FIG. 32 shows the data format of a cell with a routing tag,
attached. This data format includes a Routing field for a
switch internal routing tag, a C field for a switch internal
congestion 1ndication bit, and a Reserve field which may be
used for another purpose, 1 addition to the fields included
in the data format shown 1n FIG. 23 or FIG. 26. This data

format may be applied to a cell for use 1n the system shown
in FIG. 21 or FIG. 30, and the rate changing unit 207 may
be arranged 1n a portion after a switch 1n a channel desig-
nated by a routing tag, so that the above described rate
changing process can be performed in the rate changing unit
207.

Provided next is the explanation about an embodiment of
a communicating connection number counting method.

As described above, the specific method for calculating
the ER 1n a switch supporting the control of the ER mode
control 1n an ABR service, 1s not the target of standardiza-
tion.
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This specification refers to the example of the specific
method for calculating the ER using the above described
embodiment. The following operations are performed as the
specific method for calculating the explicit rate ER 1n the
above described embodiment (such as the one explained by
referring to FIGS. 7 through 15), That is, an ABR connection
in which at least one or more cells arrive at an ATM switch,
1s recognized as being active, the number of connections
which are recognized as being active “Nvc¢” 1s observed 1n
a pertod during which a predetermined number of cells
arrive (or during a predetermined observation period), and a
band Ba obtained by equally dividing a band B to be used
for an ABR communication by Nvc, 1s defined as the explicit
rate ER. FIGS. 7, 8, and 12 exhibit the system configuration
for implementing this method. This specification refers to
some other ER calculation methods, all of which observe the
number of active connections 1n a predetermined observa-
tion period.

The above described embodiment also refers to the spe-
cific method for counting the number of active connections.
An ATM switch comprises a table memory for storing active
connections, and a counter for counting the number of active
connections 1 an observation period. The table memory
includes, for example, a field for an 1dentifier of a connection
which 1s recognized as being active, and a field for setting
an 1dentification flag bat.

FIG. 33 exemplifies the structure of the table memory.
When a cell arrives, 1ts connection 1dentifier and 1dentifica-
tion flag bit are set, and at the same time, the counter is
incremented to count the number of active connections.
Note that, however, 1f the same connection 1dentifier as that
of the arrived cell 1s included in the table memory, the
counter 1s not 1ncremented.

The size of the above described table memory requires a
capacity which enables storage of the maximum number of
ABR connections which can be set in an ATM switch. If the
observation period 1s designated as a period during which a
predetermined number of active connections arrive, the
observation period equivalent to a period i which the
maximum number of ABR connections which can be set, or
the number of ABR connections established at that time,
must be designated. Assuming that 100 connections can be
set, and those connections actually transmit cells (that is, the
connections are active), they cannot be recognized as being,
active unless a period during which 100 cells arrive 1s set as
the observation period. Similarly, (the maximum number of
ABR connections which can be set or the number of ABR
connections established at that time)x(cell time) must be set
as the observation period, in the case in which the observa-
tion period 1s set at predetermined time intervals.

The number of active ABR connections 1n each observa-
tion period can be determined using the above described
method. However, 1if the maximum number of ABR con-
nections which can be set 1s large, the following two
problems may arise. Provided below are these problems and
their solutions.

(1) Delay of an ER calculation time due to a prolonged
observation period

If connections whose number 1s equal to the maximum
number of ABR connections which can be set 1n an ATM
switch (hereinafter referred to as “M” connections) are
communicating, the observation period must be a duration
during which “M” cells arrive, 1n order to determine that all
of the connections are active, as described above. As “M”
increases, the observation period becomes longer. The
observation period for observing at least “M” cells 1s also
required to observe the “M” active connections, similarly
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with the method for observing connections 1n each prede-
termined observation period. Accordingly, the observation
period must be made longer as “M” 1ncreases.

Considering the operations for calculating the explicit rate
ER performed by a switch, the prolongment of the obser-
vation period means that an interval between ER calculation
fimes becomes longer. That 1s, the interval between ER
calculation times becomes longer due to the prolonged
observation period because the ER 1s calculated each time
one observation period elapses. Furthermore, 1t causes a
delay 1n a notification to a terminal. As a result, rate control
operations do not function effectively, and congestion may
occur 1n the switch. To prevent such a delay of the ER
calculation, the capability for calculating the ER 1in an
observation period which 1s shorter than a specified obser-
vation period, that 1s, the capability for determining the
number of active connections in a period shorter than the
observation period, 1s required. This capability serves as also
an effective method.

(2) Increase in the amount of the table memory capacity

If the maximum number “M” of ABR connections which
can be set becomes large, there 1s a possibility that the size
of memory 1s limited because of a restriction in terms of
hardware configuration or cost, and the number of connec-
tions which can be set 1s restricted to a number equal to or
less than “M”. When the table. memory becomes full during
an observation period, no more active connections can be
counted 1n this case. Therefore, the number of connections
to be observed 1s underestimated 1 comparison with the
actual number of active connections.

Because the explicit rate ER nofified to a terminal 1s the
value obtained by dividing an ABR band by the number of
active connections, the value of the ER becomes larger than
that of the ER calculated based on the actual number of
active connections, 1n the case 1n which the number of active

[

connections 1s underestimated. This 1s a dangerous value for
a network side, and congestion can occur 1n a switch 1f a
terminal to which this value 1s notified transmits cells at a
rate according to this ER. Accordingly, the capability for
determining the number of connections 1s required so that
the resultant calculated value will be not dangerous to the
network side, if the table memory becomes full.

To overcome the above described problems, an embodi-
ment of the present invention, which will be described later,
employs the following method.

(1) A delay in the ER calculation time due to a prolonged
observation period:

(a) Counting not the number of active connections in each
predetermined observation period, but the number of active
connections observed in a period from a first time point (the
observation point) to a second time point retroactive to the
first time point by a certain amount of time, 1n each period
shorter than the predetermined observation period. With this
operation, the number of active connections can be obtained
at time 1intervals shorter than the specified observation
period, thereby preventing a delay in the ER calculation
fime.

(b) Estimating the number of active connections to be
observed by the termination time of an observation period,
before that observation period terminates.

(¢) Dividing an observation period into shorter periods,
and estimating the number of active connections to be
observed before each shorter observation period terminates,
for each shorter period.

(d) Setting a coefficient for determining an estimated
number, updating the estimating coeflicient based on a

comparison made between the estimated number of active
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connections and the actual number of active connections
cach time the observation period terminates, thereby
decreasing an error between the estimated number and the
actual number.

With the above described operations, the number of active
connections can be obtained 1n each shorter observation
pertod which 1s shorter than the designated observation
period, thereby preventing the delay 1n the ER calculation.

(2) For an increase in the size of table memory

(a) When the number of active connections stored in a
table memory reaches the maximum number “L” of con-
nections which can be stored (also referred to as the maxi-
mum number) (refer to FIG. 33) in the table during an
observation period, the maximum number “M” of ABR
connections which can be set 1s defined as the number of
active connections during the observation period, at the
termination of the observation period. Otherwise, the num-
ber of established ABR connections at that time point 1s
defined as the number of active connections.

(b) When the number of active connections stored in the
table memory during the observation period, reaches the
maximum number “L” of the table, the number of active
connections at the termination of the observation period is
estimated based on the number of active connections (the
maximum number of the table) up to that time point.

Provided below 1s the explanation about the specific
example for implementing the above described method (the
communicating connection number counting system). Note
that this invention 1s basically used to calculate the ER 1n the
ABR service, but 1t can be applied to a communication
service which requires obtaining of the number of active
connections, 1n addition to the ABR service.

FIG. 34 1s a schematic diagram showing the configuration
of the communicating connection number counting system
(also referred to as the counting system) according to the
present invention. In the ABR service, the ER calculation 1s
made at a point at which congestion can occur, in a switch.
Accordingly, this counting system 1s applied to such a point.
It 1s used to count the number of connections of cells passing
through a cell buffer 1n which congestion can occur, that 1s,
the number of active connections (hereinafter referred to as
the number of communicating connections), and suitably
divide and assign a band of an output channel for those
connections.

As shown 1n FIG. 34, the counting system according to
the present mnvention comprises an ABR controlling unit
700, and a shared buffer 710 having a capability similar to
that of the shared buffers shown 1n FIGS. 7, 16, 22, 24, etc.
The ABR controlling unit 700 comprises a cell extracting
unit 701 for extracting a connection 1dentifier from each cell
prior to the shared buffer 710, a communicating connection
number counting unit 702, and an explicit rate ER calculat-
ing unit 703. Since FIG. 34 shows the system configuration
in the case 1 which cells proceeding to a plurality of output
channels share a single buifer, a plurality of ABR controlling
units 700 are arranged (this figure, however, shows only one
of them). Each of the controlling units 700 counts the
number of communicating connections corresponding to the
plurality of output channels, and calculates the ER.

When receiving a cell from a transmitting terminal, the
cell extracting umt 701 outputs a cell detection signal
indicating that the cell 1s detected, to the communicating
connection number counting unit 702, extracts a connection
identifier from that cell, and outputs the extracted i1dentifier
to the communicating connection number counting unit 702.
The communicating connection number counting unit 702
counts the number of communicating connections according
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to the method of the present invention, and outputs the result
to the explicit rate ER calculating unit 703 (ER controlling
unit). The explicit rate ER calculating unit 703 calculates the
ER based on the counted number of communicating
connections, and writes the result to that cell.

Provided first 1s the explanation about a method for
overcoming the above described problem (1) of a delay in
the ER calculation time due to a prolonged observation
period. One method is to count the number of communicat-
ing connections of cells arrived 1n a period from a first time
point till a second time point retroactive to the first time
point, for each period shorter than a designated observation
period. Its principle 1s presented below.

This method 1s divided into two types: that 1s, one type 1s
that an observation period 1s set as a period during which a
predetermined number of cells arrive, while the other 1s that
the observation period is set as a fixed time (fixed cell time).

To implement these methods, the ABR controlling unit in
the counting system comprises a plurality of pairs of the
communicating connection number counting unit 702 and
the explicit rate ER calculating unit 703, as shown 1n FIG.
34. Each of the pairs counts the number of active
connections, and calculates the ER, at a timing depending on
a different observation period.

FIG. 35 1s a schematic diagram showing the structure of
the communicating connection number counting unit 702.

As shown 1n this figure, the communicating connection
number counting unit 702 comprises an arrived cell number
counter 721, a communicating connection storage table
memory 722, a communicating connection number counter
723, and a controlling unit 724. The arrived cell number
counter 721 counts a predetermined number “Np” of arrived
cells. The number of the above described pairs may be
designated as, for example, “Np”. If the observation period
1s designated as a fixed time, the arrived cell number counter
721 1s replaced with a timer for measuring an observation
fime. The number of the above described pairs may be set to
a number which eliminates any gap between observation
periods. The communicating connection storage table
memory 722 1s composed of respective fields for setting a
connection 1dentifier and an 1dentification flag bit, as shown
in FIG. 33.

Once the observation period starts, the arrived cell num-
ber counter 721 1s incremented, and at the same time, a
connection 1dentifier and an 1dentification flag bit are set in
the table memory 722, upon arrival of a cell. Furthermore,
the connection number counter 723 1s incremented, and the

number of communicating connections 1s counted. If the
connection 1identifier of the arrived cell 1s the same as that set
in the table memory 722, that 1s, if the identification bit of
that connection 1identifier 1s set, the value of the counter 723
1s not incremented. When the value of the arrived cell
number counter 721 reaches the predetermined number Np,
one observation period terminates. Then, the value of the
communicating connection number counter 723 1s transmit-
ted to the controlling unit 724, and the contents of the table
memory 722 and the connection number counter 723 are
cleared according to a termination reset signal from the
arrived cell number counter 721.

When receiving this signal, the controlling unit 724
assigns the value of the counter 723 as the number of
communicating connections N,z (N,). The assigned
value 1s notified to the ER calculating unit 703, which
calculates the ER using this value until a next N, -~ value
1s notified.

FIG. 36 1s a schematic diagram showing the principle of
the above described method 1n the case 1 which the obser-
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vation period 1s designated as a period during which a
predetermined number (Np=S) of cells arrive. Here, arrivals
of cells (1) through (7) are indicated by arrows on a time
ax1s. The number of connections 1s counted for Np=S cells
arrived by the respective arrival time. By performing this
count operation at each cell arrival (DN=1), the number of
communicating connections can be obtained at each cell
arrival time. For example, the number of connections is
counted for 5 most-recently arrived cells (1) through (5),
when the cell (5) arrives. Additionally, the number of
connections 1s counted for 5 most-recently arrived cells, that
is, the cells (2) through (6), when the next cell (6) arrives.

According to the system shown 1n FIG. 34, the number of
communicating connections 1s determined each time one
cell arrives (m=1). However, the number of communicating
connections may be counted each time DN=2 cells arrive.
Assuming that the number of communicating connections 1s
determined each time 5 cells arrive (m=5) according to the
system shown 1n FIG. 34, an observation period Np=53,
which 1s the same as the result of the conventional method
for observing communicating connections 1n each observa-
tion period (Np=>5).

FIG. 37 1s a schematic diagram explaining the method for
counting the number of communicating connections in the
case 1n which the observation period 1s designated as a fixed
time interval (TM=S). Here, the observation period at fixed
time 1ntervals 1s represented by a cell time. Assuming that
the processing speed of a device 1s 149.76 M bats/s, one cell
fime 1s approximately 2.78 usec. For an observation at fixed
time 1ntervals, the number of communicating connections 1s
determined, not at each cell arrival time, but 1n each cell time
(DT=1). Let it be supposed that the cell time t=5. The
number of connections 1s counted for cells (1) through (3),
arrived 1n 5 cell times 1n this case. Since most-recently
arrived cells in the 5 cell times, are (2) through (4) at the next
cell time t=6, the number of connections among these cells
1s counted. By repeating this operation at each cell time, the
number of communicating connections can be obtained at
cach cell time. Additionally, the interval for determining the
number of communicating connections may be set to an
interval of D>2 for an observation. Let 1t be supposed that
DT=5 m FIG. 37. This interval becomes equal to the
observation period TM=5, which results 1n being the same as
the observation period TM=5 according to the conventional
observation method.

Provided next i1s the explanation about a method for
climinating a delay in the ER calculation time, which 1is
different from the above described method. According to this
method, the number of communicating connections 1s deter-
mined using an estimate before a specified observation
period 1s terminated. There are several methods for deter-
mining the number of communication connections based on
an estimate.

Provided below 1s the explanation about these methods.

Estimates are made in the communicating connection num-
ber counting unit 702 shown in FIG. 34. With the method to
be described later, only one pair of the communicating
connection number calculating unit 702 and the explicit rate
ER calculating unit 703 may be arranged in the ABR
controlling unit 700.
(1) When the number of communicating connections
reaches a certain threshold number “N” before a time TM
clapses from an observation start time, based on the assump-
tion that the observation period i1s designated as a fixed
period TM, the number of communicating connections N ,
rrve alter the time TM elapses 1s estimated as:
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where a 1s a suitable coetficient, and T 1s a period during
which “N” communicating connections are observed from
the start of the observation. This method 1s intended to
estimate the number of communicating connections at the
termination of an observation period, based on a ratio of a
per1od during which a predetermined number of connections
1s counted, to an observation period. Furthermore, the esti-
mated number can be modified by determining the coell-
cient o appropriately.

FIG. 38 1s a schematic diagram explaining the first
method 1implemented by using such an estimate. As shown
in this figure, the number of communicating connections
after the time TM elapses 1s calculated by multiplying N by
TM/T, and further by a modifying coefficient o (a=1 in this
figure), at a time T at which the number of communicating
connections reaches “N”.

(2) Each time the number of communicating connections
reaches a plurality of threshold values Nis (i=1, 2, 3, . . .,
m) before the time TM elapses from an observation start, the
number of communicating connections N, ... after the
fime TM elapses, 1s estimated as:

where 11 1s a period during which “Ni” communicating
connections are observed from the observation start. This
method 1s mtended to set a plurality of timings at which
estimates are made, and estimate the number of communi-
cating connections at the termination of the observation
per1od each time the number of communicating connections
exceeds a certain number of connections, based on the
number of connections and elapsed time until that time.

FIG. 39 1s a schematic diagram explaining the second
method implemented by using an estimate. As shown 1n this
figure, the number of communicating connections after the
time TM elapses 1s calculated by multiplying N1 by TM/T,
and further by a modifying coefficient o (a=1 in this figure),
at a time 11 at which the number of communicating con-
nections reaches “Ni1”.

(3) Assuming that the fixed observation period TM is
divided 1nto “n” periods, each of which 1s defined as Tk
(k=1, 2, 3, . . ., n), and the number of connections
recognized until a time T1 elapses from an observation start
fime 15 assumed to be “N”, the number of communicating
connections N, alter the time TM elapses from the
observation start, at the time Ti 1s estimated as:

N i crve=0xNxn

where ¢. 1s a suitable coefficient. This method 1s intended
to estimate the number of active connections at the termi-
nation of the observation period by dividing an observation
period mto “n” periods, and multiplying the number of
communicating connections observed until a first divided
period elapses. The estimated value can be modified by
determining the coefficient o appropriately.

FIG. 40 1s a schematic diagram showing the third method
implemented by using an estimate.

As shown 1n this figure, the number of communicating
connections after the time TM elapses, 1s calculated by
multiplying N by n, and further by a modifying coeflicient
o (a=1 in this figure).

(4) Assuming that the fixed observation period TM is
divided into “n” periods, each of the divided periods 1is
defined as Tk (k=1, 2, 3, . . ., n), the number of connections
recognized after each Tk period elapses from an observation
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start time NK, and the number of communicating connec-
tions after the time TM elapses from the observation start, 1s
estimated as:

Ny crrve=Nk+(Nk=N,_, )x(n—k)

This method 1s intended to divide an observation period
into shorter periods, calculates a slope of the number of
connections based on the number of communicating con-
nections counted until each of the shorter periods elapses,
and the number of communicating connections counted 1n
the preceding period, and estimate the number of commu-
nicating connections based on the slope.

FIG. 41 1s a schematic diagram explaming the fourth

method implemented by using this estimate.
(5) The coefficient o is obtained by performing a normal
observation (for each observation period TM) simulta-
neously with the calculation of the number of communicat-
ing connections using an estimate, according to (1) and (3),
and making a comparison between the value of the obser-
vation and the estimated value for each TM. This process
allows the change of the moditying coeflicient ¢ suitable for
cach observation period, to change, and a more accurate
estimate of the number of connections.

Provided next 1s the explanation about the method for
working around the above described increase of the size of
table memory.

FIG. 42 shows the structure of the communicating con-
nection number counting unit 702.

The communicating connection number counter 702 com-
prises a arrived cell number counter 731 for counting the
predetermined number “Np” of arrived cells, a communi-
cating connection storage table memory 732, a communi-
cating connection number counter 733 for counting the
number of communicating connections, and a controlling
unit 734. Provided here 1s the explanation about the case 1n
which an observation period i1s designated as an arrival
interval of cells whose number 1s predetermined. If the
observation period 1s designated as a fixed period, the
arrived cell number counter 731 1s replaced with a timer for
measuring the observation time. The communicating con-
nection storage table memory 732 1s composed of respective
fields for setting a connection identifier and an i1dentification
flag bit of a connection which 1s recognized as being active
(refer to FIG. 33). The maximum number of connections
which can be stored in the table 1s represented as “L”.

When a cell arrives after the observation period starts, the
arrived cell number counter 731 1s incremented and the
connection 1dentifier and the 1dentification flag are set 1n the
table. In addition, the communicating connection number
counter 733 1s incremented to count the number of commu-
nicating connections. However, if the connection identifier
which 1s the same as that of the arrived cell 1s included in the
communicating connection storage table memory 732, that
1S, the 1dentification bit of that connection i1dentifier has been
set, the counter value 1s not incremented. Normally, one
observation period 1s terminated when the arrived cell
number counter 731 reaches “Np”. The value of the com-
municating connection number counter 733 1s then trans-
mitted to the controlling unit 734, and the contents of the
communicating connection number storage table memory
732 and the communicating connection number counter 733
are cleared according to a termination reset signal from the
arrived cell number counter 731. If the value of the com-
municating connection number counter 733 becomes equal
to “L”, a threshold value detection signal for notifying that
the counter value exceeds the threshold value 1s transmatted
to the controlling unit 734.
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Upon receipt of this signal, the controlling unit 734 sets
the maximum number of ABR connections which can be set
“M” 1n a channel, which 1s provided 1n advance, and targeted
by the ER calculating unit, as the number of communication
connections N, -z, Or sets the number of ABR connec-
tions established at that time, as N, 7;vz The number of
established ABR connections, for example, 1s managed by
software, and notified to the ER calculating unit via the
software. The set value of N, ., 15 notified to the ER
calculating unit 703, which calculates the ER using this
value until the next N, -+ value 1s noftified.

The operations of the controlling unit 734 shown 1n FIG.
42 vary depending on either in the case in which the
maximum number of ABR connections which can be set or
the number of established connections, 1s set as N, 7z
when the value of the communicating connection number
counter 733, reaches the threshold value “L”, or 1n the case
in which the value calculated with any of the above
described methods using an estimate, 1s set as N, ~7rvz-

FIG. 43 1s a schematic diagram explaining the operations
performed by the controlling unit 734 in the case 1n which
the maximum number of ABR connections which can be set
or the number of established connections as N, -7y

As shown 1n this figure, the controlling unit 734 deter-
mines the maximum number of ABR connections which can
be set and managed by software of an upper (a higher) level,
or the number of established connections, as N, -7y, when
receiving a threshold control signal indicating that the value
of the communicating connection number counter 733
exceeds the threshold value “L”, and notifies the value of
N .7z t0 the ER calculating unit.

FIG. 44 1s a schematic diagram explaining the operations
performed by the controlling unit 734 in the case 1n which
an estimated value 1s used as N, -z As shown in this
figure, the controlling unit 734 comprises an N, -, cal-
culating unit 741, a moditying coeflicient calculating unit
742, and a parameter storing unit 743.

The N,z calculating unit 741 calculates and deter-
mines the number of communicating connections N, 7%
from a time point at which an observation starts till a time
point at which a time TM elapses (or till a time point at
which Np cells arrive). The modifying coefficient calculat-
ing unit 742 calculates the modifying coeflicient o each time
an observation period terminates. The parameter storing unit
743 stores the calculated N, .+~ and the modifying coel-
ficient a. When the threshold value detection signal indi-
cating that the value of the communicating connection
number counter exceeds the threshold value “L”, 1s trans-
mitted from the counter, the N, .~ calculating unit 741
that detects this signal calculates N, - according to the
above described estimating methods (1) through (4). The
calculated N, -~ value 1s transmitted to the ER calculating
unit 703, and stored in the parameter storing unit 743 at the
same time. When the value of the communicating connec-
fion number counter 1s notified to the moditying coeflicient
calculating unit 742 as the actual number of communicating
connections during an observation period, the modifying
coellicient calculating unit 742 extracts the value of N, v~
from the parameter storing unit 743, and determines the
modifying coefficient o based on the number of communi-
cating connections, that 1s, the value of N, .. For

example, the following equation can be used as this deter-
mination method.

A=Nprar/Nacrive

where Ng..; 1s the number of communicating
connections, which 1s notified from the communicating
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connection number counter 733. The modifying coeflicient
a. so determined 1s stored 1n the parameter storing unit 743,
and used for the estimating calculation of N, 7%

According to the above described method, there 1s a
possibility that the number of communicating connections
N. 7 18 estimated as a number larger than the actual
number of communicating connections. Since the value of
the ER 1s obtained by dividing a band of an output channel
by the number of communicating connections, and used as
the rate for permitting an ABR terminal to perform a
transmission, the value of the ER calculated based on the
number of communicating connections, which 1s estimated
as a value larger than the actual number, 1s a safe value, but
it might degrade the use efficiency of a network. To avoid
this phenomenon, N, -+~ at the time of the termination of
an observation period 1s calculated according to the above
described method using an estimate, when the number of
communicating connections, which 1s stored i1n the table
memory, reaches the maximum value “L” during a commu-
nication. With this operation, the number of communicating
connections can be prevented from being overestimated.
This N, -, calculation using an estimate 1s performed 1n
the controlling unit 734 of the communicating connection
number counting unit 702 shown 1n FIG. 42. If the value of
N .~z Obtained by using this estimate exceeds the maxi-
mum number “M” of ABR connections which can be set or
the number of established ABR connections, these values
are set as N, vz

FIG. 45 exemplifies a computer system for executing
programs 1in the case in which the methods according to the
present invention, such as the above described delay time
measuring method, allowed transmission rate determining
method, ATM switching method, and communicating con-
nection number counting method, etc. are stored as com-
puter programs 1n a storage medium.

This computer system comprises a main body 800, dis-
play unit 840, and an mnput device 850 composed of a
keyboard and a mouse. The main body 800 includes a
processor 810, memory 820, and a driver of a storage
medium 830.

The processor 810 executes the methods of the present
invention according to the above described programs, while
the memory 820 stores those programs and the data required
for executing the programs. The driver 830 1s intended to
load the programs and data stored in an external storage
medium 1nto the processor 810 or the memory 820. If the
storage medium of the present invention 1s an external
storage medium, the programs stored 1n the storage medium
are executed via the driver 830. The mput device 850 1s used
by a user, 1n order to make an entry required for executing
the programs.

If the storage medium of the present invention 1s an
external storage medium, i1t may be implemented by an
optical disk such as a CD-ROM, magnetic disk such as a
floppy disk, and a magneto-optical disk such as an MD.
Additionally, the storage medium of the present imnvention
may be implemented as an internal storage medium such as
a hard disk, ROM, RAM, etc.

According to the present invention, a delay time between
a switch and a terminal 1s measured in an ATM network
performing an ABR communication, and suitable values can
be set as delay parameters for a UPC. With these operations,
cells flowing from a transmitting terminal into the network
can be accurately monitored in the ABR communication,
thereby preventing the quality of the communication from
degrading.

Additionally, a connection at which at least one cell
arrives during an observation period 1s recognized as being,
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active 1n an ATM network using an ABR service, and an
allowed transmission rate 1s obtained by dividing a band of
an output channel by the number of active connections
corresponding to the output channel, according to the
present invention. Therefore, a faster allowed transmission
rate can be provided to an output channel whose number of
active connections 1s small. If the number of active connec-
fions becomes larger, the allowed transmission rate can be
lowered, accordingly, the prevention of congestion, and the
recovery from congestion can quickly be made. As a result
the ABR service can be provided efficiently.

Furthermore, only the capability for setting congestion
indication information 1n a user data cell 1s arranged 1n a
switching unit 1n a cell switch, the capability for calculating
an explicit rate, which requires a considerable amount of
fime, 1s arranged 1n a low-speed transmission channel whose
switching speed of cells 1s relatively low, the explicit rate
calculated 1n the low-speed transmission channel 1s changed
based on the setting status of the congestion indication
information, and the changed explicit rate 1s assigned to a
resource management cell, according to the present inven-
tion. With these operations, hardware restrictions can be
avolded, and at the same time, the congested state of the
switching unit can be properly reflected on the explicit rate
assigned to the resource management cell.

As a result, a service such as the ABR service can be
accommodated 1n a large-scale ATM switching system.

Still further, the explicit rate 1s nofified from a rate
calculating unit to a rate changing unit via the resource
management cell, thereby notifying the rate efficiently.

Still further, the rate changing unit smooths the setting
rat1o of detected congestion indication information based on
the setting ratio detected before and after that ratio, and
changes the explicit rate based on the smoothed setting ratio,
thereby preventing a traffic in a network from becoming
unstable due to an extreme change in the explicit rate.

With the communicating connection number counting
method according to the present mmvention, the number of
communicating connections can be obtained i a period
shorter than a specified observation period, even if the
observation period for counting the number of communi-
cating connections becomes longer due to the maximum
number of connections which can be set by an ATM switch,
in the switch required to count the number of communicat-
ing connections, thereby shortening a delay of the ER
calculation 1n the ABR service. Still further, the suitable
number of communicating connections can be determined 1f
the size of a memory storing communicating connections 1S
restricted to the number equal to or less than the maximum
number of connections which can be set, thereby preventing
the result of the ER calculation in the ABR communication
from becoming a dangerous value for the network.

What 1s claimed 1s:

1. A delay time measuring method for measuring a delay
fime by a switch for controlling a cell transmission interval
according to a network condition, comprising the steps of:

detecting a first control cell from a source flowing 1n a first

direction 1n a network;

storing an arrival time and connection i1dentifying infor-
mation of the detected first control cell;

obtaining an arrival time of a second control cell from a
destination which cell flows 1n a second direction
opposite to the first direction, when the second control
cell arrives having the same connection identifying
information as the stored connection identifying infor-
mation; and
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calculating a turnaround delay time required in a period
during which a control cell arrives at the switch, loops
back at the destination, and returns to the switch, by
subtracting the arrival time of the first control cell from
the arrival time of the second control cell.
2. The delay time measuring method according to claim 1,
further comprising the steps of:

measuring the turnaround delay time 1n a direction of a
connection an “N” (an arbitrary number) number of
times, 1f connections are bidirectionally established
between terminals; and

setting maximum and minmimum values of the measured
turnaround delay times as maximum and minimum
values of delay parameters used 1mn a cell flow rate
monitor control, for a connection 1n a different direc-
tion.
3. The delay time measuring method according to claim 1,
further comprising the steps of:

once measuring the turnaround delay time 1n a direction
of a connection, 1f connections are bidirectionally
established between terminals; and

setting maximum and minimum values of turnaround
delay times calculated based on an exponential distri-
bution whose average 1s the measured turnaround delay
fime, as maximum and minimum values of delay
parameters used 1 a cell flow rate monitor control, for
a connection 1n a different direction.

4. A switch for controlling a cell transmission interval

according to a network condition, comprising:

first detecting means for detecting a first control cell from
a source flowing 1n a first direction 1n a network;

storing means for storing an arrival time and connection
identifying information of the first control cell detected
by said first detecting means;

second detecting means for detecting a second control cell
from a destination flowing in a second direction 1n the
network; and

calculating means for calculating a turnaround delay time
required 1n a period during which a control cell, arrives
at the switch, loops back at the destination, and returns
to the switch, by subtracting the arrival time of the first
control cell from the arrival time of the second control
cell, 1f the connection 1dentifying information of the
second control cell match the connection i1dentifying
information of the first control cell, which are stored 1n
said storing means.

5. The switch according to claim 4, further comprising:

parameter controlling means for measuring the turn-

around delay time 1n a direction of a connection an “N”

(an arbitrary integer) number of times, and setting

maximum and minimum values of measured turn-
around delay times, as maximum and minmimum values
of delay parameters used 1 a cell flow rate monitor
control, for a connection 1n a different direction, if
connections are bidirectionally established between ter-
minals.

6. The switch according to claim 4, further comprising:

parameter controlling means for measuring the turn-
around delay time 1n a direction of a connection, and
setting maximum and minimum values of the turn-
around delay time calculated based on an exponential
distribution whose average 1s the measured turnaround
delay time, as maximum and minimum values of delay
parameters used 1n a cell flow rate monitor control, for
a connection 1 a different direction, if connections are
bidirectionally established between terminals.
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7. A computer-readable storage medium for storing a
program which provides an ability of measuring of a delay
fime for controlling a cell transmission 1nterval according to
a network condition, the ability of measuring comprising the
steps of:

detecting a first control cell from a source flowing 1n a first
direction 1n a network;

storing an arrival time and connection identifying infor-
mation of the first control cell;

obtaining an arrival time of a second control cell from a
destination, which flows 1n a second direction opposite
to the first direction, when the second control cell
having the same connection 1dentifying information as
stored connection idenftifying information; and

calculating a turnaround delay time required in a period
during which a control cell arrives at the switch, loops
back at the destination, and returns to the switch.
8. The storage medium according to claim 7, wherein said
ability of measuring further comprises the steps of:

measuring the turnaround delay time 1n a direction of a
connection an “N” (arbitrary integer) number of times,

46

if connections are bidirectionally established between
terminals; and

setting maximum and minimum values of calculated
turnaround delay times, as maximum and minimum
values of delay parameters used 1mn a cell flow rate
monitor control, for a connection 1n a different direc-
tion.

9. The storage medium according to claim 7, wherein said

10 ability of measuring further comprises the steps of:

15

20

once measuring the turnaround delay time 1n a direction

of a connection, if connections are bidirectionally
established between terminals; and

setting maximum and minimum values of turnaround
delay times calculated from an exponential distribution
whose average 1s the measured turnaround delay time,
as maximum and minimum values of delay parameters
used 1n a cell flow rate monitor control, for a connec-
tion 1n a different direction.
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